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COMPOSITIONS OF FLAVONOIDS FOR USE 
AS CYTOPROTECTANTS AND METHODS 

OF MAKING AND USING THEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 60/159,003 filed Oct. 8, 1999, which is 
hereby incorporated herein in its entirety by reference. 

STATEMENT OF RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH 

This invention was made in part during work Supported 
by a grant from the Office of Naval Research NO0014-98 
C-0139. The government has certain rights in the invention. 

TECHNICAL FIELD 

This invention relates generally to non-naturally 
occurring nutritional compositions for amelioration of dis 
ruption of energy metabolism Secondary to StreSS compris 
ing a flavonoid, or derivative thereof, and a Synergist in 
effective amounts. Synergists include amino acids, 
carbohydrates, carnitines, flavonoids, nucleosides and toco 
pherols. The invention also relates to non-naturally 
occurring compositions comprising an optimized formula 
tion for amelioration of disruption of energy metabolism 
Secondary to StreSS comprising a flavonoid, or a derivative 
thereof, and an additional compound in effective amounts. 
The invention also relates to methods of making Such a 
composition. The invention also relates to methods of ame 
liorating disruption of energy metabolism Secondary to 
StreSS, comprising administering to a Subject Such a com 
position. 

BACKGROUND OF THE INVENTION 

Metabolic pathways are of two types: anabolic, which are 
involved in Synthetic work and require energy; and 
catabolic, which are degradative and energy-releasing. Cata 
bolic and anabolic pathways can share a common partial 
Sequence, which functions in one direction for Synthesis and 
in the opposite direction for degradation. However, one 
route is never exactly the reverse of the other, Since both 
need to be exergonic in their respective directions. For 
example, the pathways for glucose Synthesis 
(gluconeogenesis) and glucose degradation (glycolysis) 
share many reactions in common, but each have Several 
unique Steps. These unique Steps generally ensure thermo 
dynamic irreversibility and can Serve as regulatory Sites. In 
the catabolic pathways, a Substrate is Sequentially degraded, 
releasing energy in the form of ATP (adenosine 
triphosphate). Catabolic pathways include both the anaero 
bic pathway (i.e., fermentation) and the aerobic pathway 
(i.e., oxidative metabolism or respiration). For reviews, See 
Atkinson (1977) Cellular Energy Metabolism and Its 
Regulation, Academic Press, New York; Hochachka et al. 
(1993) Surviving Hypoxia. Mechanisms of Control and 
Adaptation, CRC Press, Inc., Fl.; and Alberts et al. (1994) 
Molecular Biology of the Cell, Garland Publ., New York. 
While metabolic pathways produce ATP, which is an essen 
tial energy carrier, by-products of these pathways include 
free radicals, which are potent cellular injurants. 

Reactive oxygen species (ROS), also designated free 
radicals, include, among other compounds, Singlet oxygen, 
the Superoxide anion (O), nitric oxide (NO), and 
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hydroxyl radicals. Mitochondria are particularly Susceptible 
to damage induced by ROS, as these are generated continu 
ously by the mitochondrial respiratory chain. See, for 
example, Boveris et al. (1973) Biochem. J. 134:707-716; 
Turrens et al. (1997) Biosc. Rep. 17:3-8; Tangeras et al. 
(1980) Biochim. Biophys. Acta 589:162–175; Minotti et al. 
(1987) Free Radic. Biol. Med. 3:379-387 and Hermes-Lima 
et al. (1995) Mol. Cell. Biochem. 145:53–60. Free radicals 
attack membrane lipids and lipoproteins, generating carbon 
radicals. These in turn react with oxygen to produce a 
peroxyl radical, which may attack adjacent fatty acids to 
generate new carbon radicals. This proceSS can lead to a 
chain reaction producing lipid peroxidation products. Hal 
liwell (1994) Lancet 344:721-724. Damage to the cell 
membrane can result in loSS of cell permeability, increased 
intercellular ionic concentration, and/or decreased ability to 
excrete or detoxify waste products. The peroxynitrite anion 
(ONOO), a reaction product of O* and nitric oxide (NO) 
(Pryor et al. (1995) Am J. Physiol. 268:699-722), appears to 
be responsible for many effects previously attributed to 
NO*. Castro et al. (1994) J. Biol. Chem. 269:29409-29415; 
Ischiropoulos et al. (1992) Arch. Biochem. Biophys. 
2:446–453, Halliwell et al. (1995) Ann. Rheumat. Dis. 
54:505-510, Salvemini et al. (1996a) Br. J Pharmacol. 
118:829–838, Salvemini et al. (1996b) Eur: J. Pharmacol. 
303:217-220, Cuzzocrea et al. (1998) Free Radic. Biol. 
Med. 24:450–459, Wizemann et al. (1994) J. Leukoc. Biol. 
56:759–768 and Szabo et al. (1997) J. Clin. Invest. 
100:723-735. ROS can also contribute to damage to organs 
and organisms. These conditions include cell aging, as well 
as inflammation and cancer. 
Free radicals are also problematic in organ 

transplantation, during which process cells and tissues expe 
rience hypoxia. After transplantation, the grafted tissue is 
reperfused with oxygenated blood. When reperfusion occurs 
and the flow of oxygen is restored, a burst of free radicals 
forms. The accumulation of free radicals contributes to 
post-transplantation injury in tissue giving rise to an 
increased number of damaged cells and an enhanced 
immune response by the recipient host. Zhao et al. (1996).J. 
Neurosci. Res. 45:282-288; Unruh (1995) Chest Surg. Clin. 
N. Am. 5:91-106. This immune response can lead to inflam 
mation and reduced function in the transplanted tissue 
and/or rejection and failure of the graft. 

Production of ROS also increases when cells experience 
a variety of Stresses, including organ ischemia and reperfu 
Sion (as described above) and ultraViolet light exposure and 
other forms of radiation (Reiter et al. (1998) Ann. N.Y. Acad. 
Sci. 854:410–424; Saini et al. (1998) Res. Comm. Mol. 
Pathol. Pharmacol. 101:259-268; Gebicki et al. (1999) 
Biochem. J. 338:629–636). ROS are also produced in 
response to cerebral ischemia, including that caused by 
Stroke, traumatic head and Spinal injury. In addition, when 
metabolism increases or a body is Subjected to extreme 
exercise, the endogenous antioxidant Systems are 
overwhelmed, and free radical damage can take place. Free 
radicals are reported to cause the tissue-damage associated 
with Some toxins and unhealthful conditions, including 
toxin-induced liver injury. Obata (1997).J. Pharm. Pharma 
col. 49:724–730; Brent et al. (1992).J. Toxicol. Clin. Toxicol. 
31:173–196; Rizzo et al. (1994) Zentralbl. Veterinarmed 
41:81–90; and Lecanu et al. (1998) Neuroreport 9:559–563. 
Exposure to hyperoxia also results in free-radical 
production, which can lead to lung damage if not counter 
acted by sufficient levels of antioxidants. Jenkinson (1989) 
Clin. Chest Med. 10:37-47. Free radicals may also be 
responsible for freezing stress in plants. Tao et al. (1998) 
Cryobiology 37:38-45. 



US 6,528,042 B1 
3 

In addition to Stresses described above, cells are Subject to 
other Stresses, including hyper- and hypothermia, infection, 
oSmotic, hyper- and hypo-gravity, Starvation, growth in 
various reactors (Such as bioreactors, fermentation, food 
preparation, etc.), toxicity (e.g., inhalation of toxic gases 
Such as HCN, phosphates, thiophosphates), drug overdoses, 
and the like. Common to many of these stresses are injuries 
Secondary to disruptions in energy metabolism. Treatment of 
these types of injuries includes administration of various 
individual or combinations of agents which protect against 
disruptions of energy metabolism and the resulting cell 
injury during stress (“cytoprotectants'). For example, the 
time that mammalian cells can undergo StreSS induced 
energy dysfunction can be extended by administration of 
purine derivatives, alone or in combination with electron 
acceptor compounds and/or amino acids. U.S. Pat. No. 
5,801,159. 

Because of the potentially damaging nature of free 
radicals, and because OT generation is continuous, the 
body has a number of antioxidant defense mechanisms 
including, but not limited to, enzymes, Such as Superoxide 
dismutase, catalase, glutathione peroxidase, glutathione 
reductase, NADP transhydrogenase, and thiol peroxidase 
SP-22, Vitamin E, Vitamin C, copper and iron transport, 
Storage proteins, water-Soluble and lipid-Soluble molecular 
antioxidants, glutathione, NADPH and mitochondrial respi 
ration. Watabe et al. (1997) Eur: J. Biochem. 249:52–60; 
Guidotet al. (1995).J. Clin. Invest.96:1131-1136, Radiet al. 
(1991) J. Biol. Chem. 261:14081–14024. Superoxide radi 
cals produced by the respiratory chain are readily dismutated 
by mitochondrial Superoxide dismutase (MnSOD), leading 
to the production of H2O. Fridovich et al. (1997) J. Biol. 
Chen. 272:18515-18517. 
Among the compounds identified with antioxidant activ 

ity are Some belonging to a group of naturally occurring 
phenylchromones known as flavonoids. Flavonoids, found 
in fruits, vegetables, grains, bark, roots, Stems, flowers, tea 
and wine, are important to the flavor and color of their 
sources. For a review, see Croft (1998), p. 435-442, in 
Towards Prolongation of the Healthy Life Span, ed. Harman 
et al., Annals of the New York Academy of Sciences, New 
York. Evidence that diets rich in fruits and vegetables appear 
to protect against cardiovascular disease and Some forms of 
cancer has lead to an interest in the biological effects of 
flavonoids. 

Flavonoids are polyphenolic Substances based on a flavan 
nucleus, comprising 15 carbon atoms, arranged in three 
rings as C-C-C. Flavonoids are biosynthetically 
derived from acetate and Shikimate Such that the A ring has 
a characteristic hydroxylation pattern at the 5 and 7 position. 
The B ring is usually 4, 3'4', or 3'4'5'-hydroxylated. Fla 
vonoids have generally been classified into 12 different 
Subclasses by the State of oxidation and the Substitution 
pattern at the C2-C3 unit. These subclasses include fla 
Vanones (found in citrus fruits), flavones, flavonols (e.g., 
quercetin, found in onions, olives, tea, wine and apples), 
anthocyanidins (found in cherries, Strawberries, grapes and 
colored fruits), chalcones, dihydrochalcones, aurones, 
flavanols, dihydroflavonols, proanthocyanidins (flavan-3,4- 
diols), isoflavones and neoflavones. Thus far, more than 
10,000 flavonoids have been identified from natural Sources. 
Berhow (1998) pp. 67-84 in Flavonoids in the Living 
System, ed. Manthey et al., Plenum Press, NY. 

Flavonoids may act as antioxidants by a number of 
potential pathways including, but not limited to, free radical 
Scavenging (in which the polyphenol can break the free 
radical chain reaction) and interactions between flavonoids 
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4 
and phenolic acids with other physiological antioxidants 
(Such as ascorbate or tocopherol). For a compound to be 
defined as an antioxidant, it must fulfill two conditions: first, 
when present at low concentrations relative to an oxidizable 
Substrate, it can significantly delay or prevent oxidation of 
the Substrate and Second, the resulting radical formed on the 
polyphenol must be stable So as to prevent it from acting as 
a chain-propagating radical. Halliwell et al. (1995) Food 
Chem. Toxicol. 33:601-607. The stabilization is generally 
through delocalization, intramolecular hydrogen bonding, or 
by further oxidation by reaction with another lipid radical. 
Shahidi et al. (1992) Crit. Rev. Food Sci. Nutr. 32:67–103. 

In addition to anti-oxidant activity, flavonoids have been 
reported to possess other biological activities including 
antihelminthic, antimicrobial, antimalarial, antineoplastic, 
cytotoxic, mutagenic, carcinogenic, anti-carcinogenic and 
pro-oxidant action. Recently, compositions containing fla 
vonoids have been described for use in the treatment of 
damaged or diseased skin and other keratinous tissue. See, 
for example, U.S. Pat. Nos. 5,945,409 and 5,952,373. Cer 
tain redox-active flavonoids appear to be capable of induc 
ing oxidative StreSS. Thus, relative concentrations of reac 
tants may influence the direction of the anti-oxidant verSuS 
pro-oxidant reactions for a flavonoid capable of both donat 
ing electrons to electrophilic radicals, terminating radical 
propagation, and donating electrons to metal ions in the 
presence of O, generating ROS. See, for example, Hodnick 
et al. (1998) pp. 131-150 in Flavonoids in the Living System, 
ed. Manthey et al., Plenum Press, N.Y. 
AS mentioned above, ROS contribute to cellular, tissue, 

organ and organism damage associated with inflammation, 
hyperthermia, radiation, ischemia, and other unhealthful 
conditions. However, for many of these conditions, it is not 
yet clear if ROS are the Sole (or even principal) mechanism 
for inducing damage. Antioxidants, at least in formulations 
that have been presently tested, are not universally effective 
cytoprotectants. In Some circumstances, for example, anti 
oxidants Vitamin E, probucol and 1,2-Diselenolane-3- 
pentanoic acid are unable to protect membranes from lipid 
peroxidation. Kubo et al. (1997) Br. J. Nutr. 78:655–669; 
Bonnefont-Rousselot et al. (1999) Radiat. Res. 
151:343–353; and Matsugo et al. (1997) Biochem. Biophys. 
ReS. Comm. 240:819-824. Antioxidant vitamin E fails to 
prevent hyperoxic lung injury in premature animals. Lan 
gley et al. (1992) Comp. Biochem. Physiol. Comp. Physiol. 
103.793–799. Most antioxidants also had no protective 
effect against free radical production by rose bengal photo 
activation in perfused hearts. Bernier et al. (1991) Free 
Radic. Biol. Med. 10:287–296. 

Common to many of the StreSSes described herein are 
injuries Secondary to disruptions in energy metabolism. The 
need remains for identification of effective, novel formula 
tions and combinations of compounds, particularly but not 
limited to combinations that may be used as medical foods 
or dietary Supplements, which aid in the Survival and recov 
ery of cells during injury Secondary to StreSS and disruption 
of energy metabolism. 

SUMMARY OF THE INVENTION 

In one embodiment, the invention relates to non 
naturally-occurring compositions or formulations, particu 
larly nutritional formulations, for amelioration of disruption 
of energy metabolism Secondary to StreSS comprising a 
flavonoid and a Synergist. The Synergist is Selected from the 
group consisting of amino acids, carbohydrates, carnitines, 
flavonoids and nucleosides, and the flavonoid and the Syn 
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ergist are present in amounts effective to ameliorate the 
disruption of energy metabolism. When a second flavonoid 
is the Synergist, the first flavonoid and the Second flavonoid 
are different. The primary flavonoid may also be a combi 
nation of different flavonoids. 

In another embodiment, the invention relates to non 
naturally-occurring compositions comprising an optimized 
formulation for amelioration of disruption of energy 
metabolism Secondary to StreSS comprising a first compound 
comprising a flavonoid, or derivative thereof, and a Second 
compound. The Second compound is Selected from the group 
consisting of amino acids, carbohydrates, carnitines, fla 
vonoids and nucleosides and derivatives thereof, and the 
flavonoid and the Second compound are present in amounts 
effective to ameliorate Said disruption of energy metabolism 
Secondary to StreSS. When a Second flavonoid is the Second 
compound, the first flavonoid and the Second flavonoid are 
different. 

In another embodiment, the invention relates to a method 
for amelioration of disruption of energy metabolism Sec 
ondary to StreSS, comprising administering to a Subject a 
non-naturally-occurring composition comprising a fla 
vonoid and a Synergist Selected from the group consisting of 
amino acids, carbohydrates, carnitines, flavonoids and 
nucleosides. 

In another embodiment, the invention encompasses a 
method of making a non-naturally-occurring composition to 
effect amelioration of disruption of energy metabolism Sec 
ondary to StreSS comprising adding a flavonoid and a Syn 
ergist Selected from the group consisting of amino acids, 
carbohydrates, carnitines, flavonoids and nucleosides. 

In various embodiments, the flavonoid is the flavanone 
hesperetin. The flavonoid can be in the form of a pharma 
ceutically acceptable Salt. 

In various embodiments, the Synergist can be in the form 
of a pharmaceutically acceptable Salt. 

In various embodiments, the Synergist is an amino acid 
Selected from the group consisting of glycine, alanine, and 
N-acetyl-cysteine. 

In various embodiments, the Synergist is a carbohydrate 
Selected from the group consisting of fructose-1,6- 
bisphosphate, galactose, ADP-ribose, hydroxybutyrate, 
pyruvate and ribulose. 

In various embodiments, the Synergist is a carnitine 
Selected from the group consisting of carnitine tartrate, 
acetyl carnitine and carnitine free base. 

In various embodiments, the Synergist is a nucleoside 
Selected from the group consisting of adenosine and inosine. 

In various embodiments, the Synergist is a flavonoid 
Selected from the group consisting of chrysin, dioSmin, 
hesperidin, luteolin, rutin, and quercetin. 

In additional embodiments, the Synergist is a tocopherol, 
Such as alpha-, delta-or gamma tocopherol. 

In various embodiments, the StreSS can be induced by an 
environmental alteration, chemical insult or physiological 
condition. Environmental alterations include, but are not 
limited, to hypothermia, hyperthermia, hypoxia, and ioniz 
ing radiation. Chemical insults include, but are not limited 
to, drug toxicity, chemotherapy, exposure to at least one 
toxin, and cell culture. Physiological conditions include, but 
are not limited to, physical exertion, aging, disease and 
pre-Surgical and post-Surgical situations. 

Non-naturally-occurring optimized compositions for 
amelioration of disruption of energy metabolism are also 
contemplated by the present invention. Such compositions 
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are combinations of compounds in amounts determined or 
predicted to be particularly effective to ameliorate the dis 
ruption of energy metabolism Secondary to StreSS. In opti 
mized formulations, the combined amounts of flavonoid and 
the additional compound are Selected to increase, augment 
or enhance the cytoprotective effect of either agent when 
used individually at the Same concentration. 

These and other aspects of the invention will become 
more fully apparent when the following detailed description 
of the invention is read in conjunction with the accompa 
nying Examples. 

BRIEF DESCRIPTION OF THE FIGURES 

(Not applicable.) 
MODES FOR CARRYING OUT THE 

INVENTION 

It would be advantageous to identify new non-naturally 
occurring compositions comprising cytoprotective agents 
for amelioration of disruption of energy metabolism Sec 
ondary to StreSS. It would also be advantageous to identify 
and obtain non-naturally-occurring compositions compris 
ing flavonoids and agents which act Synergistically with 
flavonoids with particularly potent cytoprotective activity. It 
would also be advantageous to obtain new methods of 
amelioration of disruption of energy metabolism Secondary 
to StreSS comprising administering Such compositions. In 
addition, it would be further advantageous to obtain new 
methods of making Such compositions. 
Definitions 
By “non-naturally-occurring composition' is meant a 

composition which is not found in this form in nature. A 
non-naturally-occurring composition can be derived from a 
naturally-occurring composition, e.g., as non-limiting 
examples, via purification, isolation, concentration, chemi 
cal modification (e.g., addition or removal of a chemical 
group), and/or, in the case of mixtures, addition or removal 
of ingredients or compounds. Alternatively, a non-naturally 
occurring composition can comprise or be derived from a 
non-naturally-occurring combination of naturally-occurring 
compositions. Thus, a non-naturally-occurring composition 
can comprise a mixture of purified, isolated, modified and/or 
concentrated naturally-occurring compositions, and/or can 
comprise a mixture of naturally-occurring compositions in 
forms, concentrations, ratios and/or levels of purity not 
found in nature. 

“Agents' or “cytoprotective agents' are defined herein as 
compounds, mixtures, or formulations of compounds which 
are capable of amelioration of Symptoms of StreSS and/or 
injury(ies) and disruption of energy metabolism Secondary 
to stress. “Amelioration” means the prevention, reduction or 
palliation of a State. Cytoprotective agents may provide 
cytoprotective activity prior to, Simultaneous with and/or 
after disruption of energy metabolism. 
AS used herein, an agent is Said to be “cytoprotective' or 

to have “cytoprotective property' or “cytoprotective activ 
ity’ if administration of the agent ameliorates Symptoms of 
stress and/or injury(ies) Suffered by cells, tissues, organs 
and/or organisms that is induced Secondary to disruption of 
energy metabolism. Cytoprotective activity and injury can 
be quantified in assays which measure results of injury Such 
as death and inhibition of metabolic activity; these can be 
measured, for example, using appropriate fluorescent dyes 
or measuring enzyme activity and/or measuring intact cel 
lular membranes in affected tissues by Staining with appro 
priate indicators. Cytoprotective agents include cytoprotec 
tive flavonoids and combinations comprising a flavonoid. 



US 6,528,042 B1 
7 

By a “flavonoid” is meant any of a class of polyphenolic 
molecules (including hesperetin and derivatives thereof) 
based on a flavan nucleus, comprising 15 carbon atoms, 
arranged in three rings as C-C-C Flavonoids are 
generally classified into Subclasses by the State of oxidation 
and the Substitution pattern at the C2-C3 unit. As used 
herein, the term "flavonoid’ encompasses, but are not lim 
ited to, flavanones, flavonols, flavones, anthocyanidins, 
chalcones, dihydrochalcones, aurones, flavanols, 
dihydroflavanols, proanthocyanidins (flavan-3,4-diols), 
isoflavones and neoflavones. 
AS used herein, the term "flavonoids' encompasses, but is 

not limited to: chrysin, 5,7-dihydroxy-2-phenyl-4H-1- 
benzopyran-4-one, 5,7-dihydroxyflavone, chrysidenon 
1438; 

daidzein, 7-hydroxy-3-(4-hydroxyphenyl)-4H-1- 
benzopyran-4-one; 4,7-dihydroxyisoflavone; 

diosmin, 7-6-O-6-Deoxy-O-L-mannopyranosyl)-3-D- 
glucopyranosyloxy-5-hydroxy-2-(3-hydroxy-4- 
methoxyphenyl)-4H-1-benzopyran-4-one; 3',5,7- 
trihydroxy-4'-methoxyflavone - 7-rutinoside; 
5-hydroxy-2-(3-hydroxy-4-methoxyphenyl)-7-(O'-O- 
L-rhamnopy ranosyl-B-D-glucopyranosyloxy) 
chromen-4-one; 5-hydroxy-2-(3-hydroxy-4- 
methoxyphenyl)-7-f-rutinosyloxy-4H-chromen-4-one; 
dioSmetin 7-B-rutinoside; barosmin, buchu resin; 
Daflon; DioSmil; Diovenor; Flebopex; FleboSmil; Fle 
bosten; Flebotropin; Hemerven; Insuven; Tovene; 
Varinon; Ven-Detrex, Venex, Veno-V; Venosmine; 

hesperetin, (S)-2,3-dihydro-5,7-dihydroxy-2-(3-hydroxy 
4-methoxyphenyl)-4H-1-benzopyran-4-one; 3',5,7- 
trihydroxy-4'-methoxyflavanone; cyanid anon 
4'-methyl ether 1626; 

hesperidin, (S)-7-6O-(6-Deoxy-O-L-mannopyranosyl)- 
f-D-glucopyranosylloxy-2,3-dihydro-5-hydroxy-2- 
(3-hydroxy-4-methoxyphenyl)-4H-1-benzopyran-4- 
one; he speretin 7-rhamnoglucoside; cirantin; 
hesperetin-7-rutinoside; 

luteolin, 2-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-4H-1- 
benzopyran-4-one; 3',4',5,7-tetrahydroxyflavone, dig 
itoflavone; cyanidenon 1470; 

quercetin, 2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy 
4H-1-ben Zopy ran - 4 - one; 3,3', 4',5,7- 
pentahydroxyflavone, memtin; Sophoretin; cyanideno 
lon 1522; 

rutin, 3-6O-(6-Deoxy-O-L-mannopyranosyl)-f-D- 
glucopyranosyl) oxy-2-(3,4-dihydroxyphenyl)-5,7- 
dihydroxy-4H-1-benzopyran-4-one, ruto Side; 
querce tin-3-rutino Side; 3,3', 4',5,7- 
pentahydroxyflavone-3-rutinoside; melin; phytomelin; 
eldrin, ilixathin; Sophorin; globularicitrin, paliuroSide; 
OSyritrin; OSyritin; myrticolorin; Violacquercitrin; Biru 
tan; Rutabion; RutoZyd; Tanrutin; 

see The Merck Index (1989), Eleventh Edition, Merck & 
Co., Whitehouse Station, N.J., pp. 350, 441, 520, 738, 
883, 1278, 1319 and references cited therein. 

AS used herein, the term "flavonoids' also encompasses 
“biochanin.” 
By “biochanin' or “biochanin A' is meant 5,7-dihydroxy 

4'-methoxyiso-flavone; or olmelin. See The Merck Index 
(1996), Twelfth Edition, p. 744 and references cited therein. 
A “synergist' is defined as an agent which when present 

results in a greater-than-additive increase, augmentation or 
enhancement of the cytoprotective effect of a cytoprotective 
agent. In Some cases, it may be difficult to determine which 
compound in a mixture is of primary importance and which 
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8 
only Secondary. Thus, in a Synergistic mixture of 
compounds, any of the active compounds within the mixture 
can be considered a Synergist. A composition comprising 
“synergistic activity” or a “synergistic mixture' is a com 
bination of compounds which exhibits increased cytopro 
tective activity as a non-linear multiple of the cytoprotective 
activity of the individual compounds. In other words, the 
combined cytoprotective effect of two or more compounds 
being tested is significantly greater than the expected result 
based on independent effects of the compounds when tested 
Separately. A “synergistic mixture' is a combination of 
compounds which exhibits increased cytoprotective activity 
as a non-linear multiple of the cytoprotective activity of the 
individual compounds. In other words, the combined cyto 
protective effect of two or more compounds being tested is 
Significantly greater than the expected result based on inde 
pendent effects of the compounds when tested Separately. 
For example, a Synergistic mixture can comprise two or 
more classes of flavonoids, or a flavonoid and a non 
flavonoid. By a “non-flavonoid” is meant any compound 
which is not a flavonoid, as defined above. Synergism may 
be apparent only at Some ranges or concentrations. 
An “anti-Synergist' is a compound which when present 

results in a decrease in the cytoprotective potency of a 
cytoprotective agent. While a combination of compounds at 
a moderate level can be cytoprotective, higher concentra 
tions can lead to decreased efficacy, e.g., due to increased 
toxicity of the compounds. Thus, both Synergism and anti 
Synergism may be functions of concentrations and ratioS of 
compounds. 
By “optimized formulation” is meant the combination of 

a flavonoid and an additional compound in amounts deter 
mined or predicted to be particularly effective to ameliorate 
the disruption of energy metabolism Secondary to stress. In 
optimized formulations, the combined amounts of flavonoid 
and the additional compound are Selected to increase, aug 
ment or enhance of the cytoprotective effect of either agent 
when used individually at the same concentration. 
By “additional compound” is meant a compound(s) added 

to another. In a non-limiting example, in a composition 
comprising a flavonoid and an additional compound, the 
additional compound is a compound different from the 
flavonoid. 
By “combination” or “combination of compounds” is 

meant a Selected mixture of compounds. 
By a “carbohydrate' is meant any of a class of organic 

compounds which are polyhydroxy aldehydes or polyhy 
droxy ketones, or change to Such Substances on Simple 
chemical transformations, as hydrolysis, oxidation, or reduc 
tion. Carbohydrates include various Sugars and their phos 
phorylated derivatives including, but not limited to, ribulose, 
fructose, fructose-1,6-bisphosphate, fructose-6-phosphate, 
ribose, ADP-ribose, glucose, galactose, mannose, pyruvate 
and B-hydroxybutyrate. 
By an "amino acid” is meant any of a class of organic 

compounds that contains at least one carboxyl group and one 
amino group, particularly any of the alpha-amino acids, 
RCH(NH2)COOH, which are the building blocks from 
which proteins are constructed. The R group can be alkyl or 
aryl, and it can contain hydroxy, amino, mercapto, Sulfide, 
and carboxy groups. AS used herein, "amino acid' includes 
individual amino acids and oligopeptides including, but not 
limited to, dipeptides and tripeptides. 
The amino acid “glycine' is also known as aminoacetic 

acid, aminoetharioic acid, glycocol and glycosthene (see 
The Merck Index (1989), Eleventh Edition, p. 706). The 
amino acid “alanine' is also know as aminopropanoic acid 
(see The Merck Index (1989), Eleventh Edition, p. 35). 
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“N-acetyl-cysteine' is also known as N-acetyl-L- 
cysteine, L-O-acetamido-B-mercaptopropionic acid; 
N-acetyl-3-mercaptoalanine; Airbron; Broncholy Sin; 
Brunac, Fabrol; Fluatox; Fluimucil; Fluimucetin; Fluprowit; 
Inspir; Mucocedyl; Mucolator; Mucolyticum; Mucomyst; 
Muco Sanigen; Mucosolvin; Mucret; NAC; Neo-Fluimucil; 
Parvolex; Respaire (obsolete); and Tixair. See The Merck 
Index (1989), p. 14 and references cited therein. 

“Glutathione” is a tripeptide and is also known as N-(N- 
L-Y-glutamyl-L-cysteinyl)glycine; L-glutathione; 
glutathione-SH; Agifutol S; Copren; Deltathione; GSH; 
Glutathin; Glutathiol, Glutathion; Glutinal; Isethion; Neu 
thion; Tathiclon; Tathion and Triptide. See The Merck Index 
(1989), p. 703 and references cited therein. 
AS used herein "carnitine' is an essential co-factor of fatty 

acid metabolism found in Striated muscle and liver. A 
trimethylated amino acid, carnitine has the formula 
(CH)N"CHCH(OH)CHCOO. Carnitine is a co-factor 
required for transformation of free long-chain fatty acids 
into acylcarnitine, and for their Subsequent transport into the 
mitochrondrial matrix, where they undergo beta-Oxidation 
for cellular energy production. Mitochondrial fatty acid 
oxidation is a primary fuel Source in heart and skeletal 
muscle. Kelly (1998) Altern. Med. Rev. 3:345-360. By 
controlling the influx of fatty acids into mitochondria, car 
nitine also performs an important role in the energy Supply 
of tissues during fetal life and in the neonatal period. Arenas 
et al. (1998) Early Hum. Dev. 53: S43–50. Carnitine and 
carnitine palmitoyl transferase can be considered integral 
components of the membrane phospholipid fatty acid turn 
over in human cells. Carnitine is reviewed in, for example, 
Rebouche et al. (1986) Ann. Rev. Nutr. 6:41-66; Bahl et al. 
(1987) Ann, Rev. Pharm. Toxcol. 27:257-277; Goa et al. 
(1987) Drugs 34:1–24; and Bieber (1988) Ann. Rev. Bio 
chem. 57:261-283. 

“Carnitine' is also known as 3-Carboxy-2-hydroxy-N,N, 
N-trimethyl-1-propanaminium hydroxide, inner Salt, 
(3-carboxy-2-hydroxypropyl)trimethylammonium 
hydroxide, inner Salt, Y-amino-3-hydroxybutyric acid trim 
ethyl be taine; Y-trimethyl-B-hydroxybutyrobetaine; 
3-hydroxy-4-(trimethyl-ammonio)butanoate. See The Merck 
Index (1989), p. 281 and references cited therein. “Car 
nitine' includes, but is not limited to, carnitine tartrate, 
carnitine free base and acetyl carnitine. 

By “nucleoside' is meant a class of compounds which 
comprise a nitrogenous heterocyclic base, which is a deriva 
tive of either pyrimidine or purine, and a pentose. Nucleo 
Sides include ribonucleosides and deoxyribonucleosides. 

The nucleoside "adenosine” comprises the purine adenine 
and is also known as 9-3-D-ribofuranosyl-9H-purin-6- 
amine, 6-amino-9-3-D-ribofuranosyl-9H-purine, 9-3-D- 
ribofuranosidoadenine, adenine riboside and Adenocard. 
The nucleoside “inosine” is also known as hypoxanthine 
riboside; 9-f-D-ribofuranosylhypoxanthine; hypoxan 
thosine; Aminosin; Inosie, OXiamine, Ribonosine and 
Trophicardyl. (see The Merck Index (1989), pp. 25 
(adenosine) and 788 (inosine), and references cited therein). 
By “nucleotide' is meant a class of compounds which 

comprise a nitrogenous heterocyclic base, which is S deriva 
tive of either pyrimidine or purine, a pentose and a molecule 
of phosphoric acid. Nucleotides include ribonucleotides and 
deoxyribonucleotides. 
By “tocopherol' is meant any of a family of molecules 

(including both tocopherols and tocotrienols and derivatives 
thereof) which are characterized by a 6-chromanol ring 
Structure and a Side chain at the 2 position. Tocopherols 
possess a 4.8',12'-trimethyltridecyl phytol Side chain, and 
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10 
the tocotrienols differ by the presence of double bonds at the 
3', 7"and 11" positions of the side chain. As used herein, the 
term “tocopherol encompasses, but is not limited to: 

alpha-tocopherol (vitamin E), 2R-2R*(4R*.8R)-3,4- 
dihydro-2,5,7,8-tetra methyl-2-(4, 8, 12 
trimethyltridecyl)-2H-1-benzopyran-6-ol; 2,5,7,8- 
tetramethyl-2-(4', 8", 12'-trimethyltride cyl)-6- 
chromanol; 5,7,8-trimethyltocol, Femholz (1937) J. 
Am. Chem. Soc. 59:1154 and 60:700; 

beta-tocopherol, 3,4-dihydro-2,5,8-trimethyl-2-(4.8, 12 
trimethyltridecyl)-2H-1-benzopyran-6-ol; 2.5,8- 
trimethyl-2-(4,8,12-trimethyltridecyl)-6-chromanol; 
5-8-dimethyltocol, cumotocopherol, neotocopherol; 
p-Xylotocopherol; 

gamma-tocopherol, 3,4-dihydro-2,7,8-trimethyl-2-(4,8, 
12-trimethyltridecyl)-2H-1-benzyopyran-6-ol; 2,7,8- 
trimethyl-2-(4,8,12-trimethyltridecyl)-6-chromanol; 
7,8-dimethyltocol; o-Xylotocopherol; 

delta-tocopherol, 2R-2R*(4R*,8R)-3,4-dihydro-2,8- 
dimethyl-2-(4,8,12-trimethyltridecyl)-2H-1-benzo 
pyran-6-ol; 8-methyltocol; 

epsilon-tocopherol, R-(E,E)-3,4-dihydro-2,5,8- 
trimethyl-2-(4,8,12-trimethyl-3,7,11-tridecatrienyl)- 
2H-1-benzopyran-6-ol; 2.5,8-trimethyl-2-(4,8,12 
trimethyltrideca-3, 7, 11-trienyl)chroman-6-ol; 
5-methyltocol; 

Zeta-tocopherol, 3,4-dihydro-2,5,7,8-tetramethyl-2-(4.8, 
12-trimethyl-3,7,11-tridecatrienyl)-2H-1-benzopyran 
6-ol; 2,5,7,8-tetramethyl-2-(4,8,12-trimethyl-3,7,11 
tridecatrienyl)-6-chromanol; 5,7,8-trimethyltocotrien 
3',7,11'-ol; 

Zeta-tocopherol, 3,4-dihydro-2,5,7-trimethyl-2-(4,8,12 
trimethyltridecyl)-2H-1-benzopyran-6-ol; 2.5,7- 
trimethyl-2-(4,8,12-trimethyltridecyl-6-chromanol; 
5,7-dimethyltocol; and 

eta-tocopherol, 3,4-dihydro-2,7-dimethyl-2-(4,8,12 
trimethyltridecyl)-2H-1-benzopyran-6-ol; 2,7- 
dimethyl-2-(4,8,12-trimethyltridecyl)-6-chromanol; 
7-methyltocol. See The Merck Index (1996), Twelfth 
Edition, Merck & Co., Whitehouse Station, N.J., pp. 
1620-1621 and 1712, and references cited therein. 

Other tocopherols include Xi-, Xi-, and Sigma 
tocopherols. 

Prototypical tocopherols include alpha-, beta-, gamma 
and delta-tocopherol. However, as is known in the art, 
tocopherols and their derivatives can vary by the number 
and position of alkyl groups, double bonds and other Sub 
Stituents and variations on the ring and Side chain. An 
“alkyl is a cyclic, branched or Straight chain chemical 
group containing only carbon and hydrogen, Such as methyl, 
butyl and octyl. Alkyl groups can be either unsubstituted or 
Substituted with one or more Substituents, e.g., halogen, 
alkoxy, acyloxy, amino, hydroxyl, mercapto, carboxy, or 
benzyl. Alkyl groups can be Saturated or unsaturated at one 
or Several positions. Typically alkyl groups will comprise 1 
to 8 carbons, preferably 1 to 6, and more preferably 1 to 4 
carbon atoms. Additional tocopherols can be constructed by 
conjugation to the ring Structure or side chain of various 
other moieties, Such as those containing oxygen, nitrogen, 
Sulfur and/or phosphorus. Tocopherol derivatives can also be 
made, as known in the art, by modifying the length of the 
Side chain from that found in prototypical tocopherols Such 
as alpha-, beta-, delta- and gamma-tocopherol. Tocopherols 
can also vary in Stereochemistry and Saturation of bonds in 
the ring structure and Side chain. Additional tocopherol 
derivatives, including prodrugs, can be made by conjugation 
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of SugarS or other moieties to the Side chain or ring structure; 
these can Serve any of a number of functions, including 
increasing Solubility and increasing functional activity of the 
tocopherol. Thus, as is understood in the art, the invention 
encompasses the use of tocopherol derivatives in which 
Substitutions, additions and other alterations have been made 
in the 6-chromanol ring and/or Side chain, with the proviso 
that the derivatives maintain at least one functional activity 
of a tocopherol, Such as antioxidant activity or ability to 
counteract Sterility in animals. A “tocopherol” for use in the 
present invention can alternatively be a mixture of toco 
pherols. These mixtures include without limitation mixtures 
of Stereoisomers of a single tocopherol (e.g., + and - 
Stereoisomers of alpha-tocopherol; (+/-) indicates a racemic 
mixture) or mixtures of structurally distinct tocopherols 
(e.g., alpha- plus gamma-tocopherol). 

Derivatives of these compounds include, but are not 
limited to, Salts, including but not limited to Succinate, 
nicotinate, allophanate, acetate, and phosphate Salts of the 
tocopherols described herein. Salts also include pharmaceu 
tically acceptable Salts. Derivatives also include quinone 
derivatives and prodrug forms of tocopherols, Such as those 
described in U.S. Pat. No. 5,114,957. Additional tocopherols 
and derivatives thereof are described in, e.g., U.S. Pat. Nos. 
5,606,080 and 5,235,073. Preparation of various tocopherols 
are described in, e.g., U.S. Pat. Nos. 5,504,220, 4,978,617, 
and 4,977,282. Various tocopherols are available from 
Sigma Chemical Co. St. Louis, Mo. 
By “derivative' is meant a compound derived from and 

thus non-identical to another compound. AS used herein, a 
derivative shares at least one function with the compound 
from which it is derived, but differs from that compound 
Structurally. Derivatives of flavonoids include without limi 
tation those that differ from flavonoids due to modifications 
(including without limitation Substitutions, additions and 
deletions) in a ring structure or side chain. Derivatives of 
hesperetin include those compounds which differ from hes 
peretin in Structure. These Structural differences can be, as 
non-limiting examples, by addition, Substitution or 
re-arrangement of hydroxyl, alkyl or other group. AS a 
non-limiting example, a hesperetin derivative can have 
additional (Substituted or non-Substituted) alkyl groups 
attached. In addition, hesperetin derivatives include com 
pounds which have been conjugated to another chemical 
moiety, Such as a Sugar or other carbohydrate. Derivatives 
also include Salts of flavonoids, amino acids, carbohydrates, 
carnitines, nucleosides and tocopherols. 
An “equivalent derivative” is a derivative that when 

present results in an increase, augmentation or enhancement 
of a cytoprotective agent, and preferably of at least the same 
order of magnitude as the Synergist from which it is derived. 
By a “amounts effective to ameliorate injury(ies) or 

disruption of energy metabolism' is meant that the cytopro 
tective agent or agents (e.g., flavonoid or mixture compris 
ing a flavonoid) is present in a final concentration Sufficient 
for amelioration of injury(ies) or disruption of energy 
metabolism. This amount includes, but is not limited to, a 
concentration which acts as a complete prophylaxis or 
treatment for a stress. An "effective amount' is an amount 
Sufficient to effect beneficial or desired results. An effective 
amount can be administered in one or more administrations. 
For purposes of this invention, an effective amount of a 
cytoprotective composition is an amount that is Sufficient to 
ameliorate, Stabilize, reverse, slow or delay the progression 
of the injury(ies) or disruption of energy metabolism. 
Preferably, amelioration of injury(ies) or disruption of 
energy metabolism can be quantified by an assay measuring, 
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12 
for example, cell death or enzyme inactivity. Amelioration is 
preferably at least about 30%, preferably at least about 50%, 
more preferably at least about 70%, even more preferably at 
least about 80%, and even more preferably at least about 
90%. 

“Alteration” or “disruption” of “energy metabolism” 
refers to a disturbance in normal oxidative metabolism or 
respiration. Such alteration can be measured by decreases or 
increases in levels of ATP, decreases in energy charge and/or 
imbalances in redox pairs which disrupt the normal function 
and/or homeostasis of cells, tissues, organs and/or organ 
isms. Alterations can be detectable as, for example, changes 
in membrane integrity, membrane potential, electron trans 
port flux, mitochondrial membrane potential, Substrate 
utilization, release of intracellular components, altered cell 
or tissue function (e.g., changes in muscle tissue activity), 
release of lactate, cytosolic ROS, ATP levels, adenosine and 
purine metabolism, and energy charge and redox charge. 
These alterations can be induced experimentally by chemi 
cal interference (e.g., by using toxins Such as antimycin or 
iodoacetate) or by changing the environmental conditions in 
the laboratory (e.g., by inducing anoxia, hypothermia, 
hyperthermia, etc.). 
The term “energetically-competent” refers to cells, cell 

lines or organisms which undergo aerobic respiration 
(oxidative metabolism). “Energetically incompetence” 
refers to the quality of cells incapable of undergoing aerobic 
respiration; Such cells only perform anaerobic respiration 
(fermentation). 
By "stress' is meant any disturbance in normal homeo 

Stasis or well-being of a living biological entity or Subject. 
A StreSS is any condition wherein a cell, organ or organism 
undergoes damage, and encompasses any condition which 
can affect an entity's ability to Survive, procreate or carry out 
normal life functions. By "stresses secondary to alteration, 
inhibition or disruption of energy metabolism' is meant 
those injury(ies) to cells, organs or organisms associated 
with, resulting in or caused by alterations in oxidative 
metabolism or respiration. These include, but are not limited 
to, environmental, chemical and physiological Stresses. 
Environmental Stresses include, but are not limited to, 
hypothermia, hyperthermia, hypoxia, and ionizing radiation. 
Chemical Stresses include, but are not limited to, drug 
toxicity, chemotherapy, toxins and artificial environments 
(i.e., cell culture). Physiological stresses include, but are not 
limited to, injuries concomitant with disease prevention, 
disease recovery, health maintenance, physical exertion, 
aging, and pre-Surgical and post-Surgical Situations. The 
results of StreSS can have detectable manifestations, 
including, but not limited to, induction of cell death, 
increased cell membrane permeability, excessive production 
of free radicals, and decreased metabolism and enzyme 
activity. 

Stresses also include, but are not limited to, conditions 
listed below: 

“Hypothermia' which is broadly defined as a condition of 
abnormally low body temperature. Normal body tempera 
tures for various species are known in the art. For example, 
a the normal core body temperature for a human being is 
about 37 C. For humans, hypothermia can be clinically 
measured as a condition of the core body temperature of 35 
C. or less. Accidental hypothermia occurs when heat loSS to 
the environment exceeds the body's ability to produce heat 
internally. 

“Hyperthermia' is a condition of abnormally high body 
temperature (above 37° C). For humans, hyperthermia is 
Sometimes defined more specifically as a condition of hav 
ing a core body temperature of between about 38 C. and 
415 C. 
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“Hypoxia” which is defined broadly as a condition under 
which a particular cell, organ or tissue receives an insuffi 
cient oxygen Supply to allow normal function. More 
Specifically, hypoxia can be measured as an average or mean 
environmental oxygen saturation level of less than 90%. 
Hypoxia may result from ischemia where blood Supply is 
diminished or completely obstructed, Such as occurs during 
cerebral ischemia or myocardial ischemia. Hypoxia may 
also occur as a result of hypoperfusion of tissues (e.g., brain, 
heart, kidney). Hypoxia may also occur in other conditions, 
even if blood Supply remains unaltered, including, but not 
limited to, carbon monoxide, poisoning, drowning, Suffoca 
tion and other forms of asphyxia. 

“Ionizing radiation' which refers to radiation consisting 
of Streams of Subatomic particles, Such as protons, neutrons 
and electrons, or radiation originating in a varying electro 
magnetic field, e.g., long and Short radio waves, light 
(visible and invisible), X-irradiation and gamma rays that is 
of Sufficient energy to ionize the irradiated material. The 
term “to ionize” means to dissociate atoms or molecules into 
electrically charged atoms or radicals. 

“Ischemia' or “ischemic' relates to a medical event which 
is pathological or iatrogenic in origin, or to a Surgical 
intervention which is experimentally imposed on an animal 
model, wherein circulation to a region of a tissue or organ is 
impeded or blocked. The affected region is deprived of 
oxygen and nutrients as a consequence of the ischemic 
event. This deprivation leads to the injuries of infarction in 
the region affected. Ischemia occurs in the brain during, for 
example, a stroke, cardiac arrest, Severe blood loSS due to 
injury or internal hemorrhage, Vascular or cardiac bypass 
Surgery and other similar conditions that disrupt normal 
blood flow. It may also occur after a head trauma, where the 
pressure caused by edema reduces blood flow through the 
arteries and Veins inside the brain, thereby reducing their 
ability to carry blood throughout the brain. 

“Chemical insult” which refers to an injury or trauma that 
results from contact with a chemical Substance. A chemical 
insult can refer to an injury to a cell, an organ and/or an 
individual. 

“Drug toxicity” which refers to the state of being poi 
Soned or injured due to the presence of and/or contact with 
a drug. The amount of toxicity associated with a drug may 
vary with Several conditions including, but not limited to, 
the amount of drug present, the formulation of the drug and 
the environmental conditions of the affected cell, organ 
and/or individual. 

“Chemotherapy” which refers to a treatment of a disease 
by means of chemical Substances or drugs, typically cyto 
toxic drugs. Chemotherapeutic regimens are well-known in 
the art to result in a number of side effects. 

"Toxin' which is a Substance that is noxious or poisonous 
to a cell and/or organism. 

“Physical exertion” which refers to bodily action in 
excess of resting State that can result in tiredness or fatigue, 
or depletion of biological energy Stores (e.g., glucose or 
glycogen). 

“Aging” which refers to the gradual deterioration of a cell, 
organ and/or individual resulting from time-dependent, irre 
versible changes in Structure and/or function of the particu 
lar cell, organ and/or individual. 

"Pre-Surgical preparation' by which is meant treatments 
administered to a cell, organ and/or individual prior to a 
Surgical manipulation. Pre-Surgical preparations include, but 
are not limited to, treatments of tissues, organs and/or cells 
prior to transplantation. 

“Post-Surgical” conditions, which term refers to the state 
or condition of a cell, organ and/or individual after a Surgical 
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procedure. Post-Surgical conditions include, but are not 
limited to, reperfusion of tissues, organs and/or cells. 
A “Subject' is a cell, an organ, a whole organism or an 

individual. An “individual' is a vertebrate, including, but not 
limited to, avians, reptiles and mammals. Mammals include, 
but are not limited to, humans, farm animals, Sport animals, 
and pets. 
By “amelioration” is meant improvement of the state of a 

Subject; the amelioration of a StreSS is the counter-acting of 
the negative aspects of a StreSS. Amelioration includes, but 
does not require complete recovery or complete prevention 
of a StreSS. 
AS used herein, the term “comprising and its cognates 

are used in their inclusive Sense; that is, equivalent to the 
term “including” and its corresponding cognates. 
General Methods 

General techniques for chemical manipulations are 
known in the art and are generally described in, for example, 
Haugland (1996) Handbook of Fluorescent Probes and 
Research Chemicals, Sixth Edition, Molecular Probes, Inc.; 
Carruthers (1986) Some Modern Methods of Organic 
Synthesis, Third Edition, Cambridge University Press; and 
Warren (1978) Designing Organic Syntheses, John Wiley & 
Sons, Ltd. Molecular biology techniques are generally 
described in, for example, Sambrook et al. (1989), Molecu 
lar Cloning. A Laboratory Manual, Second Edition; and 
Ausubel et al., eds. (1987) Current Protocols. In Molecular 
Biology. Reagents useful in applying these techniques are 
widely known in the art and commercially available from a 
number of vendors. 
Compositions 

Provided herein are non-naturally-occurring composi 
tions comprising a flavonoid and a Synergist and equivalent 
derivatives thereof for use as cytoprotectants against dis 
ruption of energy metabolism secondary to stress. The 
compounds are present in the compositions in amounts 
effective to ameliorate the injury(ies) or disruption of energy 
metabolism Secondary to StreSS. Preferably, the composition 
comprises a flavonoid and at least one Synergist in an 
optimized formulation effective to ameliorate the disruption 
in energy metabolism and more preferably, the composition 
comprises a flavonoid and at least one Synergist in Syner 
gistically effective amounts to ameliorate the disruption in 
energy metabolism Secondary to StreSS. 

Flavonoids are phenylbenzo-y-pyrones and are a class of 
polyphenolic Substances based on a flavan nucleus, com 
prising 15 carbon atoms, arranged in three rings as 
C-C-C. There are a number of chemical variations of 
the flavonoids, Such as, the state of oxidation of the bond 
between the C2-C3 position and the degree of 
hydroxylation, methoxylation or glycosylation (or other 
Substituent moieties) in the A, B and C rings and the 
presence or absence of a carbonyl at position 4. Flavonoids 
include, but are not limited to, members of the following 
Subclasses: chalcone, dihydrochalcone, flavanone, flavonol, 
dihydroflavonol, flavone, flavanol, isoflavone, neoflavone, 
aurone, anthocyanidin, proanthocyanidin (flavan-3,4-diol) 
and isoflavane. 

Flavanones contain an asymmetric carbon atom at the 
2-position and flavanones include, but are not limited to, 
narigenin, naringin, eriodictyol, hesperetin and hesperidin. 
Dihydroflavonols include, but are not limited to, taxifolin 
(dihydroquercetin). Flavones include, but are not limited to, 
chrysin, dioSmin, luetolin, apigenin, tangeritin and nobiletin. 
Flavonols include, but are not limited to, kampferol, quer 
cetin and rutin. Flavanes include, but are not limited to, 
catechin and epi-gallocatechin-gallate. Isoflavones include, 
but are not limited to, biochanin, daidzein, glycitein and 
genistein. 



US 6,528,042 B1 
15 

In one embodiment, cytoprotective compositions com 
prise a flavanone. In a further embodiment, the cytoprotec 
tive composition comprises the flavanone hesperetin. 

In another embodiment, the cytoprotective composition 
comprises a isoflavone. In another embodiment, the cyto 
protective composition comprises a flavone. In another 
embodiment, the cytoprotective composition comprises a 
flavonol. 

Hesperetin and hesperidin are flavonoids found in citrus, 
Such as lemons, grapefruits, tangerines and oranges, and 
may be extracted from the peel of citrus or Synthesized 
according to the process described by Shinoda, Kawagoye, 
Calif. 23:2957 (1929); Zemplen, Bognar, Ber, 75, 1043 
(1943) and Seka, Prosche, Monatsh., 69,284 (1936). Hes 
peretin may also be prepared by the hydrolysis of hesperidin 
(see, for example, U.S. Pat. No. 4,150,038). 

Daidzein is a flavonoid isolated from red clover (Wong 
(1962) J. Sci. Food Agr. 13:304) and from the mold 
Micromonospora halophytica (Ganguly et al. Chem. & Ind. 
(London) 197, 201. Additional descriptions of isolation of 
daidzein from various plant products can be found in Hosny 
et al. (1999).J. Nat. Prod. 62: 853–858 and Walz (1931) Ann. 
489:118. Synthesis of daidzein is described in Farkas et al. 
(1959) Ber. 92:819. Daidzein is an inactive analog of the 
tyrosine kinase inhibitor genistein (Sargeant et al. (1993).J. 
Biol. Chem. 268:18151). Daidzein is also a phytoestrogen, 
recently Suggested to play a role in preventing Special types 
of cancer. See, for example, Sathyamoorthy et al. (1994) 
Cancer Res. 54:957; Zhou et al. (1999) J. Nutr. 129: 
1628–1635 and Coward et al. (1993).J. Agric. Food Chem. 
41:1961. DaidZein also has anti-estrogen properties 
(Anderson et al. (1998) Baillieres Clin. Endocrinol. Metab. 
12:543–557). Daidzein also acts as an anti-oxidant, inhib 
iting lipid peroxidation. Arora et al. (1998) Arch. Biochem. 
Biophys. 356: 133-41; and Hodgson et al. (1999) Athero 
Sclerosis 145: 167-72. Daidzein is also useful for treating 
Alzheimer's disease. U.S. Pat. Nos. 5,952,374; and 5,733, 
926. Daidzein also alters the concentration of cholesterol 
constituents in human blood. U.S. Pat. No. 5,855,892. 

Biochanin A can be isolated from red clover (Pope et al. 
(1953) Chem. & Ind. (London) 1092 and Wong (1962).J. Sci. 
Food Agr. 13:304) and its structure is described by Bose et 
al. (1950) J. Sci. Ind. Res. 9B:25. Biochanin A has some 
anti-cancer properties. Lyn-Cook et al. (1999) Cancer Lett. 
142: 111-119; Hammons et al. (1999) Nutr. Cancer 33: 
46–52; Yin et al. (1999) Thyroid 9: 369-376. Biochanin A 
also has anti-oxidant properties, including the ability to 
inhibit lipid peroxidation. Toda et al. (1999) Phytother. Res. 
13: 163-165. 

Flavonoids isolated and purified from natural Sources or 
chemically synthesized may be used in the invention. Meth 
ods to isolate and identify flavonoids have been described, 
for example, in Markham et al. (199.8) pp. 1-33, in Fla 
vonoids in Health and Disease, Rice-Evans and Packer, eds. 
Marcel Dekker, Inc. Many flavonoids are commercially 
available from Sources Such as Funakoshi Co., Ltd. (Tokyo), 
Sigma Chemical Co. (St. Louis, Mo.) and Aldrich Chemical 
Co. (Milwaukee, Wis.). Generally, hesperetin, hesperidin, 
dioSmin, daidzein, chyrsin, luteolin, biochanin and rutin are 
available from commercial Sources. 

Also Suitable in the present invention are derivatives of 
flavonoids. For example, derivatives of a flavonoid differ 
from the flavonoid in structure. These differences can be, as 
non-limiting examples, by addition, Substitution or 
re-arrangement of hydroxyl, alkyl or other group. AS a 
non-limiting example, a flavonoid derivative can have addi 
tional alkyl groups attached. In addition, flavonoid deriva 
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tives include compounds which have been conjugated to 
another chemical moiety, Such as a Sugar or other carbohy 
drate. Other Suitable moieties contain oxygen, nitrogen, 
sulfur, and/or phosphorus. Derivatives of flavonoids can be 
produced, for example, to improve its Solubility, reduce its 
odor, or taste, or to ensure that the compound is free of 
toxicity. A flavonoid can also be conjugated to another 
moiety to form a prodrug. In a prodrug, a flavonoid is 
conjugated to a chemical moiety which, for example, aids in 
delivery of the flavonoid to the site of activity (e.g., a 
particular tissue within the body). This chemical moiety can 
be optionally cleaved off (e.g., enzymatically) at that site. 

Hesperetin derivatives are described in, for example, 
Esaki et al. (1994) Biosci. Biotechnol. Biochem. 
58:1479–1485; Scambia et al. (1990) Anticancer Drugs 
1:45–48; Bjeldanes et al. (1977) Science 197:577–578; 
Honohan et al. (1976) J. Agric. Food Chem. 24:906–911; 
and Brown et al. (1978) J. Agric. Food Chem. 
26:1418-1422. 
While differing from the flavonoid in structure, deriva 

tives of the flavonoid will retain at least one activity of the 
flavonoid. For hesperetin and hesperetin derivatives these 
activities include anti-oxidant and anti-free radical activity 
(Saija et al. (1995) Free Radic. Biol. Med. 19:481-486). 
Activities associated with hesperetin include, but are not 
limited to, the following. Hesperetin is an antilipolytic in rat 
adipocytes (Kuppusamy et al. (1993) Planta Med. 
59:508-512) and has activity in controlling sebum produc 
tion and in treatment of side disorders (U.S. Pat. No. 
5,587,176). Hesperetin may act in inhibiting mammary 
tumorigenesis and proliferation of breast cancer cells 
(Guthrie et al. (1998) Adv. Exp. Med Biol. 439:227–236; So 
et al. (1997) Cancer Lett. 112:127-133). Hesperetin inhibits 
7-(ethoxycoumarin)-deethylase activity in rat liver 
microsomes (Moon et al. (1998) Xenobiotica 28:117-126) 
and also reduces the susceptibility of membrane Ca"- 
ATPase to thyroid hormone stimulation. Hesperetin 
increases ocular blood, flow (Liu et al. (1996) J. Ocul. 
Pharm. Ther. 12:95-101). Hesperetin inhibits myeloperoxi 
dase (“T Hartet al. (1990) Chem. Biol. Interact. 73:323-335) 
and inhibits 3-hydroxy-3-methylglutaryl CoA reducatase 
(U.S. Pat. No. 5,763,414). Hesperetin derivatives retain at 
least one of these activities. 

Derivatives of dioSmin include diosmin heptakis 
(hydrogensulfate) aluminum complex, and dioSmin octakis 
(hydrogen Sulfate) aluminum complex, as described in U.S. 
Pat. Nos. 5,296,469; and 4.894,449. Another derivative of 
dioSmin is its aglycone form, dioSmetin, 5,7-dihydroxy-2- 
(3-hydroxy-4-methoxypenyl)-4H-1-benzopyran-4-one. See 
The Merck Index (1989), Eleventh Edition, p. 520, and 
references cited therein. Derivatives of dioSmin also include 
salts thereof. A synthetic dioSmin derivative, LEW-10, is 
described in Azize et al. (1992) Chem. Phys. Lipids 
63:169-77. 
While differing from dioSmin in structure, dioSmin 

derivatives will retain at least one activity of dioSmin. 
DioSmin is commonly administered to protect blood vessels 
and prevent and/or treat herpesvirus attackS. DioSmin also 
has free radical scavenger activity (Dumon et al. (1994) Ann. 
Biol. Clin. 52: 265-270); is an antilipoperoxidant (Feneix 
Clerc et al. (1994) Ann. Biol. Clin. 52:171-177); inhibits 
5'-nucleotidase (Kavutcu et al. (1999) Pharmazie 
54:457-459); attentuates lipopolysaccharide cytotoxicity in 
cell culture (Melzig et al. (1999) Pharmazie 54:29809); 
probably affects cytochrome P450 activity (Teel et al. (1998) 
Cancer Lett. 133:135-141 and Ciolino et al. (1998) Cancer 
Res. 58:2754-2760). The combination of dioSmin and 
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hesperidin, known as DAFLONTM 500, has anti 
inflammatory, anti-free radical, Venotonic and Vasculopro 
tective activities, in addition to atenuating reperfuSSion 
injury. Guillot et al. (1998) Pancreas 17:301-308; Amiel et 
al. (1998) Ann. cardiol. Angeliol. 47:185-188; Nolte et al. 
(1997) Int. J. Microcirc. Clin. Exp. 17 (suppl. 1): 6–10; 
Delbarre et al. (1995) Int. J. Microcirc. Clin. Exp. 15 (suppl. 
1): 27-33; Bouskela et al. (1995) Int. J. Microcirc. Clin. Exp. 
15 (suppl. 1):22-6; and Friesenecker et al. (1995) Int. J. 
Microcirc. Clin. Exp. 15 (suppl. 1): 17-21. The combination 
of dioSmin and hesperidin is also useful for treating hem 
orrhoids. U.S. Pat. No. 5,858,371. A dioSmin derivative 
retains at least one of these activities. 

Derivatives of daidzein, biochanin A and other com 
pounds described herein include compounds which are 
chemically and/or structurally similar, but non-identical to 
Such compounds, and which share at least one function of 
those compounds. Numerous derivatives of daidzein are 
known in the art. These include daidzein 7-glucoside, or 
daidzin, and the aglucon of daidzein. Glycosylated and 
methoxylated derivatives of daidzein are described in Arora 
et al. (1998). Chlorinated derivatives of daidzein are 
described in Boersma et al. (1999) Arch. Biochem. BiophyS. 
368: 265-275. Additional derivatives are described in 
Lapcik et al. (1997) Steroids 62: 315-320; Joannou et al. 
(1995) J. Steroid Biochem. Mol. Biol. 54: 167–184; Keung 
(1993) Alcohol Clin. Exp. Res. 17: 1254-1260; Smitet al. 
(1992) J. Biol. Chem. 267: 310–318; Shao et al. (1980) Yao 
Hsueh Hsueh Pao 15:538–547 and King et al. (1998) Am. 
J. Clin. Nutr. 68: 1496S-1499S. Numerous derivatives of 
biochanin A are also described in the art, in, for example, 
chlorinated derivatives described in Boersma et al. (1999). 

Activity of a flavonoid or flavonoid derivative (alone or in 
combination with a Synergist) can be experimentally tested, 
for example, in an assay which measures ability to amelio 
rate injury(ies) or disruption of energy metabolism Second 
ary to stress. Such assays (which are detailed in Examples 1 
to 4) include without limitation the use of energetically 
competent cell and cell lines, wherein energy metabolism is 
experimentally disrupted (e.g., by addition of a toxin or 
altering the temperature or oxygen level). Flavonoids and 
derivatives suitable for the present invention include those 
which are (alone or in combination with a Synergist) capable 
of ameliorating injury(ies) or disruption of energy metabo 
lism Secondary to StreSS, as indicated, for example, by a 
reduction in membrane permeability, excessive production 
of free radicals, inhibition of enzyme activity, or induction 
of cell death Secondary to alteration in energy metabolism. 
Amelioration of the injury(ies) or disruption of energy 
metabolism Secondary to StreSS can be measured by various 
means, including without limitation fluorescent measure 
ments. Preferably, reduction in the injury(ies) or disruption 
of energy metabolism Secondary to StreSS is quantified at at 
least about 30%, preferably at at least about 50%, more 
preferably at at least about 70%, even more preferably at at 
least about 80%, and even more preferably at at least about 
90%. 
The invention relates to the use of a combination of a 

flavonoid and a Synergist, wherein the combinations are 
Suitable for ameliorating a disruption of energy metabolism 
secondary to stress. The ratio of flavonoid:synergist will be 
Such that the composition allows an amelioration of at least 
one disruption of energy metabolism Secondary to StreSS, 
which is defined and which can be measured as described 
herein. The composition may comprise flavonoid and Syn 
ergist in the following molar ratioS of flavonoid:Synergist: at 
least about 1:10,000, at least about 1:5000, at least about 
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1:2500, at least about 1:1000, at least about 1:750, at least 
about 1:500, at least about 1:250, at least about 1:100, at 
least about 1:50, at least about 1:20, at least about 1:10, at 
least about 1:5 or at least about 1:1, at least about 5:1, at least 
about 10:1, at least about 20:1, at least about 50:1, at least 
about 100:1, at least about 250:1, at least about 500:1 or at 
least about 1000:1. Alternatively, the composition can com 
prise flavonoid and Synergist in the following molar ratioS of 
flavonoid:synergist: no more than about 1:10,000, no more 
than about 1:5000, no more than about 1:2500, no more than 
about 1:1000, no more than about 1:750, no more than about 
1:500, no more than about 1:250, no more than about 1:100, 
no more than about 1:50, no more than about 1:20, no more 
than about 1:10, no more than about 1:5 or no more than 
about 1:1, no more than about 5:1, no more than about 10:1, 
no more than about 20:1, no more than about 50:1, no more 
than about 100:1, no more than about 250:1, no more than 
about 500:1, no more than about 1000:1, no more than about 
2500:1, no more than about 5000:1 or no more than about 
10,000:1. Suitable ratios and amounts of various flavonoids 
and Synergists can be determined based on laboratory 
experiments to determine efficacy, as described herein. 

In certain embodiments, the Synergist can be a carbohy 
drate or carbohydrate derivative. Synergists may include 
various carbohydrates and their phosphorylated derivatives 
including, but not limited to, ribulose, ribulose 1,5- 
bisphosphate, galactose, ribose, ADP-ribose, fructose-1,6- 
bisphosphate, pyruvate and B-hydroxybutyrate. 

In Such compositions, the flavonoid and carbohydrate are 
present in amounts effective to ameliorate disruption of 
energy metabolism Secondary to StreSS. Preferably, the com 
position comprises a flavonoid and a carbohydrate in an 
optimized formulation effective to ameliorate the disruption 
in energy metabolism and more preferably, the composition 
comprises a flavonoid and a carbohydrate in Synergistically 
effective amounts to ameliorate the disruption in energy 
metabolism Secondary to StreSS. 

Examples of Such compositions include but are not lim 
ited to the following. The composition may comprise Syn 
ergistic combinations of hesperetin and ribulose, in molar 
ratioS of hesperetin to ribulose, including, but not limited to, 
about 1:3000, about 1:1250, about 1:400, about 1:200, about 
1:100 or about 1:50. The composition may comprise syn 
ergistic combinations of hesperetin and fructose, in molar 
ratioS of hesperetin to fructose, including, but not limited to, 
about 1:7. The composition may comprise Synergistic com 
binations of hesperetin and galactose, in molar ratios of 
hesperetin to galactose, including, but not limited to, about 
1:500. The composition may comprise Synergistic combi 
nations of hesperetin and pyruvate, in molar ratioS of hes 
peretin to pyruvate, including, but not limited to, about 1:4. 
The composition may comprise Synergistic combinations of 
hesperetin and B-hydroxybutyrate, in molar ratioS of hes 
peretin to B-hydroxybutyrate, including, but not limited to, 
about 1:11. The composition may comprise Synergistic com 
binations of hesperetin and ADP-ribose, in molar ratios of 
hesperetin to ADP-ribose, including, but not limited to, 
about 1:13. The composition may comprise Synergistic 
combinations of hesperetin and fructose-1,6-bisphosphate, 
in molar ratios of hesperetin to fructose-1,6-bisphosphate, 
including, but not limited to, at least about 1:130. 

Additional compounds for use with the flavonoids in the 
compositions and methods of the invention include, but are 
not limited to, phosphoglycerates, where the phospho group 
at the 3 position is esterified with alkyl groups of from 1-2 
carbon atoms and/or the 2-hydroxyl group is esterified with 
pyruvate. 
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In another embodiment, the compositions comprise a 
nucleoside as the Synergist. The nucleosides for use as the 
Synergist include, but are not limited to, adenosine and 
inosine. In Such compositions, the flavonoid and nucleoside 
are present in amounts effective to ameliorate disruption of 
energy metabolism Secondary to StreSS. Preferably, the com 
position comprises a flavonoid and a nucleoside in an 
optimized formulation effective to ameliorate the disruption 
in energy metabolism and more preferably, the composition 
comprises a flavonoid and a nucleoside in Synergistically 
effective amounts to ameliorate the disruption in energy 
metabolism Secondary to StreSS. 

Examples of Such compositions include but are not lim 
ited to the following. The composition may comprise com 
binations of hesperetin and adenosine, in molar ratios of 
hesperetin to adenosine, including, but not limited to, about 
1:3, about 1:1, about 3:1 or about 5:1. The composition may 
comprise Synergistic combinations of hesperetin and 
inosine, in molar ratioS of hesperetin to inosine, including, 
but not limited to, about 14:1. 

In another embodiment, the Synergist can be an amino 
acid. AS used herein, "amino acid” includes individual 
amino acids and oligopeptides. The compositions may 
include various amino acids, individually or as 
oligopeptides, including dipeptides and tripeptides, in asso 
ciation with the flavonoid. These amino acids include both 
natural and unnatural amino acids, and their derivatives, 
particularly their alkyl esters of from 1-2 carbon atoms and 
their amides. The amino acids will generally be aliphatic, but 
may include aromatic acids. Amino acids which may be used 
in the compositions include, but are not limited to, glycine, 
N,N-dimethylglycine, glycine amide, glycine methyl ester, 
alanine, alanine methyl ester, Serine, glutamate, glutamine, 
lysine, N-acetyl-cysteine, arginine, Sarcosine, Serine, 
tryptophan, glycyl glycine, glycyl alanine, alanyl alanine 
and glutathione (Y-glutamylcysteinylglycine). 

In Such compositions, the flavonoid and amino acid are 
present in amounts effective to ameliorate disruption of 
energy metabolism Secondary to StreSS. Preferably, the com 
position comprises a flavonoid and an amino acid in an 
optimized formulation effective to ameliorate the disruption 
in energy metabolism and more preferably, the composition 
comprises a flavonoid and an amino acid in Synergistically 
effective amounts to ameliorate the disruption in energy 
metabolism Secondary to StreSS. 

Examples of Such compositions include but are not lim 
ited to the following. The composition may comprise Syn 
ergistic combinations of hesperetin and glycine, in molar 
ratioS of hesperetin to glycine, including, but not limited to, 
about 5:1, about 3:1, about 2:1, about 1:2, about 1:6, about 
1:18 or about 1:50. The composition may comprise syner 
gistic combinations of hesperetin and alanine, in molar 
ratioS of hesperetin to alanine, including, but not limited to, 
about 1:1 or about 2:1. The composition may comprise 
Synergistic combinations of hesperetin and N-acetyl 
cysteine, in molar ratios of hesperetin to N-acetyl-cysteine, 
including, but not limited to, about 1:20. The composition 
may comprise Synergistic combinations of hesperetin and 
glutathione, in molar ratios of hesperetin to glutathione, 
including, but not limited to, about 1:7. 

In another embodiment, the compositions comprise a 
Second flavonoid as the Synergist. Flavonoids for use as the 
Synergist flavonoid include, but are not limited to, chrysin, 
dioSmin, hesperidin, luteolin, quercetin and rutin. In Such 
compositions, the flavonoid and Synergist flavonoid (i.e., 
Second flavonoid) are present in amounts effective to ame 
liorate disruption of energy metabolism Secondary to StreSS. 
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Preferably, the composition comprises a flavonoid and a 
Synergist flavonoid in an optimized formulation effective to 
ameliorate the disruption in energy metabolism and more 
preferably, the composition comprises a flavonoid and a 
Synergist flavonoid in Synergistically effective amounts to 
ameliorate the disruption in energy metabolism Secondary to 
StreSS. 

Examples of Such compositions include but are not lim 
ited to the following. The composition may comprise Syn 
ergistic combinations of hesperetin and chrysin as the Syn 
ergist flavonoid, in molar ratios of hesperetin to chrysin, 
including, but not limited to, about 25:1, about 9:1, about 
7.5:1, about 3:1, about 1:1, about 1:3, about 1:10 or about 
1:30. The composition may comprise Synergistic combina 
tions of hesperetin and dioSmin as the Synergist flavonoid, in 
molar ratios of hesperetin to dioSmin, including, but not 
limited to, about 1:1, about 1:8 or about 1:25. The compo 
Sition may comprise Synergistic combinations of hesperetin 
and hesperidin as the Synergist flavonoid, in molar ratios of 
hesperetin to hesperidin, including, but not limited to, about 
2:1, about 1:2 or about 1:6. The composition may comprise 
Synergistic combinations of hesperetin and luteolin as the 
Synergist flavonoid, in molar ratioS of hesperetin to luteolin, 
including, but not limited to, about 17:1, about 1:2.5, about 
1:7 or about 1:20. The composition may comprise combi 
nations of hesperetin and quercetin as the Synergist 
flavonoid, in molar ratios of hesperetin to quecetin, 
including, but not limited to, about 17:1. The composition 
may comprise Synergistic combinations of hesperetin and 
rutin as the Synergist flavonoid, in molar ratioS of hesperetin 
to rutin, including, but not limited to, about 1:4, about 1:1, 
about 2:1 or about 3:1. 

In another embodiment, the compositions comprise a 
carnitine or carnitine derivative as the Synergist. The car 
nitines for use as the Synergist include, but are not limited to, 
carnitine tartrate, acetyl carnitine and carnitine free base. In 
Such compositions, the flavonoid and carnitine are present in 
amounts effective to ameliorate disruption of energy 
metabolism Secondary to StreSS. Preferably, the composition 
comprises a flavonoid and carnitine in an optimized formu 
lation effective to ameliorate the disruption in energy 
metabolism and more preferably, the composition comprises 
a flavonoid and carnitine in Synergistically effective amounts 
to ameliorate the disruption in energy metabolism Secondary 
to StreSS. 

Examples of Such compositions include but are not lim 
ited to the following. The composition may comprise Syn 
ergistic combinations of hesperetin and carnitine tartrate, in 
molar ratioS of hesperetin to carnitine tartrate, including, but 
not limited to, about 15:1, about 5:1, about 2:1 or about 1:2. 
The composition may comprise Synergistic combinations of 
hesperetin and carnitine free base, in molar ratioS of hes 
peretin to carnitine free base, including, but not limited to, 
about 1:100, about 1:35, about 1:10, about 1:3, about 1:1 or 
about 3:1. The composition may comprise Synergistic com 
binations of hesperetin and acetyl carnitine, in molar ratioS 
of hesperetin to acetyl carnitine, including, but not limited 
to, about 1:800, about 1:275, about 1:100; about 1:30, about 
1:10 or about 1:4. 

In certain embodiments, the combination of a flavonoid 
and a Synergist or additional compound Suitable for amelio 
rating the injury(ies) or disruption of energy metabolism 
Secondary to StreSS can includes as the flavonoid, but not 
limited to, hesperetin, rutin, hesperedin, dioSmin, biochanin, 
diadzein and pycnogenol. Rutin acts Synergistically with 
alpha-tocopherols and gamma-tocopherols. Hesperedin and 
dioSmin each act Synergistically with alpha-tocopherols. 
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Pycnogenol acts Synergistically with alpha-tocopherols. 
Pycnogenol, obtained from the pine bark, is a Standardized 
extract composed of a mixture of flavonoids. Packer et al. 
(1999) Free Radic. Biol. Med. 27:704–724. 

The invention also encompasses optimized formulations 
of a flavonoid and an additional compound. The flavonoid 
can be, as non-limiting examples, daidzein or biochanin A. 
One preferred optimized formulation comprises daidzein 
and alpha-tocopherol or (+/-)-alpha-tocopherol. The formu 
lations are optimized in that various combinations (e.g., 
ratios and concentrations) of a flavonoid and the additional 
compound are tested for activity. Any of the various assays 
described herein can be used for these tests. The formula 
tions with the highest activity (e.g., ability to prevent cell 
death in the presence of a metabolic inhibitor or other 
poison) can be considered optimized. Alternatively, opti 
mized formulations can be predicted based on activities of 
the individual compounds and limited information on their 
use in combination. 
Compounds particularly Suited for development of opti 

mized formulations with flavonoids, Such as daidzein and 
biochanin A, include tocopherols. A preferred optimized 
formulation comprises daidzein and alpha-tocopherol or 
(+/-)-alpha-tocopherol. 

Exemplary ratioS include, but are not limited to, a ratio of 
1:1 (w/v) dioSmin to alpha-tocopherol; a ratio of 1:2 (uM.ug/ 
ml) of hesperetin to an alpha-tocopherol; a ratio of 250:1 
(uM ug/ml) of hesperetin to a delta- or gamma-tocopherol; 
a ratio of 15:1 or 5:1 (w/v) biochanin A to alpha-tocopherol; 
and a ratio of 15:1, 5:1, or 1.5:1 (uMug/ml) daidzein to 
alpha-tocopherol. 

For the most part, the Subject compounds are physiologi 
cally Safe up to relatively high concentrations. Formulations 
of the Subject compositions may be prepared as concentrates 
for dilution prior to use. The amount of a Subject compound 
which will be administered will be dependent upon the 
Safety level of the compound, the context in which it is used, 
the manner of administration, whether localized or Systemic, 
whether oral, parenteral or topical, the particular indication, 
the frequency of administration, whether as a bolus, 
continuous, e.g. intravenous, or the like, or other conven 
tional considerations. 

Daily flavonoid intake in humans from major dietary 
Sources is generally in the range of 10-100 mg (Lairon et al. 
(1999) Curr. Opin. Lipidol. 10:23-28). Hesperetin and hes 
peridin have shown little toxicity or mitogenicity in tests 
using mice and exert no adverse effects on liver function. 
Hesperedin exhibited no toxicity when orally administered 
to a mouse at a dosage of 1000 mg/kg, which corresponds, 
for example, to an oral administration dose of 50 to 100 g of 
hesperidin/kg body weight for a person weighing 50 kg 
(U.S. Pat. No. 5,763,414). Further, no abnormalities were 
observed for a week after hesperetin was administered orally 
to mice at the dose of 100 mg/kg and the same results were 
reported for hesperidin, luteolin and other flavonoids (U.S. 
Pat. No. 5,650,433). 

The composition may comprise at least about 0.3, at least 
about 1, at least about 3, at least about 10, at least about 25, 
at least about 50, at least about 100, at least about 200, at 
least about 400, at least about 500, at least about 1000, at 
least about 2000, at least about 4000, at least about 5000, at 
least about 10,000 tug/ml of flavonoid. Alternatively, the 
composition can comprise no more than about 0.3, no more 
than about 1, no more than about 3, no more than about 10, 
no more than about 25, no more than about 50, no more than 
about 100, no more than about 200, no more than about 400, 
no more than about 500, no more than about 1000, no more 
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than about 2000, no more than about 4000, no more than 
about 5000, no more than about 10,000 tug/ml of flavonoid. 
Preferably, the composition comprises at least about 0.3, 
preferably at least about 1, more preferably at least about 5, 
more preferably at least about 10 ug/ml flavonoid. The 
composition can comprise at least about 0.3, at least about 
1, at least about 3, at least about 10, at least about 25, at least 
about 50, at least about 100, at least about 200, at least about 
400, at least about 500, at least about 1000, at least about 
2000, at least about 4000, at least about 5000, at least about 
10,000 ug/ml of Synergist. Alternatively, the composition 
can comprise no more than about 0.3, no more than about 1, 
no more than about 3, no more than about 10, no more than 
about 25, no more than about 50, no more than about 100, 
no more than about 200, no more than about 400, no more 
than about 500, no more than about 1000, no more than 
about 2000, no more than about 4000, no more than about 
5000, no more than about 10,000 ug/ml of flavonoid. 
Preferably, the composition comprises at least about 0.3, 
preferably at least about 1, more preferably at least about 5, 
more preferably at least about 10 ug/ml Synergist. 
The dose will depend on a number of factors known to the 

skilled physician Including the Severity of the conditions, 
the identity of the recipient; and also the efficacy and toxicity 
of the particular formulation of flavonoid and Synergist 
which is being administered. Flavonoid doses generally in 
the range 0.1-100 mg/kg body weight may be used, as 
exemplified in U.S. Pat. No. 5,756,538. The frequency of 
administration will vary depending on the rate of metabo 
lism or excretion of the administered compound, but may be 
repeated daily, optionally as at least two or more Sub-doses. 
In general, Synergistic and optimized doses of the present 
invention are established by determining the concentrations 
of compounds that provide the desired effect in a test System, 
Such as the cell Systems described in Example 1 herein. 
Based on Such data, efficacious doses for administration to 
human (or other animal) Subjects can be determined, for 
example, based on known or routinely ascertainable phar 
macokinetics of the specific compound in humans (See, e.g., 
Benet, L. Z., et al., in Goodman and Gilman's The Phar 
macological Basis of Therapeutics, Ninth Ed., Hardman, J. 
G., et al., eds., McGraw-Hill, San Francisco, 1996; Wagner, 
J. G., Pharmacokinetics for the Pharmaceutical Scientist. 
Technomic, Inc., Lancaster, Pa., 1993; Rowland, M., and 
Tozer, T. N., Clinical Pharmacokinetics. Concepts and 
Applications, 3" ed., Lea & Febiger, Philadelphia, 1995). 

For example, the composition comprising hesperetin and 
a Synergist may comprise, a Single unit dose from about 1 
mg to about 10,000 mg, from about 10 mg to about 5000 mg, 
from about 25 mg to about 2500 mg, from about 50 mg to 
about 1000 mg, from about 50 mg to about 500 mg or about 
300 mg hesperetin. Thus, compositions comprising hespere 
tin may comprise a unit dose containing greater than 1, 
greater than 10, greater than 100, greater than 200, or greater 
than 500 mg of hesperetin; or no more that about 100, 200, 
500, 1000, 2000, 5000, or 10,000 mg of hesperetin. Doses 
for dioSmin are typically from about 100 to 900 mg, as 
exemplified in U.S. Pat. No. 5,849,786. A composition 
comprising dioSmin as a cytoprotectent flavonoid or as a 
flavonoid Synergist (i.e., Second flavonoid) may comprise, 
for example, a unit dose containing greater than 1, greater 
than 10, greater than 100, greater than 200, or greater than 
500 mg of dioSmin; or no more that about 100, 200, 500, 
1000, 2000, 5000, or 10,000 mg of diosmin. 

Typical doses for daidzein and biochanin A are known in 
the art and described in, for example, King et al. (1998); 
Irvine et al. (1998) Am. J. Clin. Nutr. 68:1462S-1465S; 
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Blair et al. (1996) J. Cell Biochem. 61: 629–637; Nestel et 
al. (1999) J. Clin. Endocrinol. Metab. 84: 895-898; Pelis 
sero et al. (1996) J. Steroid Biochem. Mol. Biol. 57: 
215-223. 

For topical administration, the compositions may contain 
from about 0.01% to about 20%, from about 0.05% to about 
15%, from about 0.2% to about 10% or from about 1.0% to 
about 5% of the flavonoid. 

Pharmaceutical formulations include at least one fla 
vonoid or at least one Synergist together with at least one 
pharmaceutically acceptable carrier or excipient. Each car 
rier must be “pharmaceutically acceptable' in the Sense of 
being compatible with the other ingredients of the formu 
lation and not injurious to the recipient. 

It should be understood that the flavonoid compounds of 
the present invention may be administered in the form of 
pharmaceutically acceptable Salts or esters thereof. Salts are 
usually acid addition Salts (e.g. with hydrohalogen acids) or 
acceptable metal salts (e.g. Na, Ca, Mg). 
Methods of Identifying Compositions 

Various methods can be employed for identifying non 
naturally-occurring compositions comprising a flavonoid 
and a Synergist which ameliorate injury(ies) or disruption of 
energy metabolism Secondary to stress. In general, cells (or 
cell lines), organs or organisms (collectively termed 
“subjects”) are used which undergo the aerobic path of 
metabolism (oxidative metabolism or respiration); these are 
also termed "energy-competent.” These Subjects are 
perturbed, for example, by an introduction of a chemical or 
other change in environment which disrupts their oxidative 
metabolism. Normally, this would lead to a physically 
manifested and measurable StreSS or injury to the cell, Such 
as cell death, increased membrane permeability, excessive 
production of free radicals (reactive oxygen species), or 
inhibition of enzyme activity. Subjects undergoing StreSS are 
also treated with test compounds (e.g., various formulations 
of compositions of flavonoid and a Synergist), and stress is 
measured to determine the anti-StreSS efficacy of particularly 
compositions Such as particular concentrations and ratios of 
flavonoid and Synergist. 

Cell lines and organs which undergo oxidative respiration 
are particularly Suitable for the present invention. This is 
because most of the cells of the body undergo oxidative 
respiration. In contrast, most cells and cell lines experimen 
tally used in laboratories do not undergo oxidative 
respiration, but simple anaerobic respiration (fermentation). 
Thus, they are not accurate-model Systems for cellular 
activities in most organisms. Such as mammals. Examples of 
energetically-competent cell lines include, but are not lim 
ited to, GCL1 liver cells. Example 1 describes the culture of 
GCL1 cells. 

Subjects can be experimentally Subjected to various 
Stresses, including without limitation hypothermia, 
hyperthermia, hypoxia, ionizing radiation, chemical insult, 
drug toxicity, injuries related to chemotherapy, exposure to 
toxins, physical exertion (in the case of tissues or organisms, 
e.g., from excessive exercise), aging, ischemia, 
transplantation, Stroke, traumatic injury, and chemical and/ 
or physical injuries due to pre-Surgical or post-Surgical 
preparations. Methods of induction of these various Stresses 
are known in the art. Chemical insults include mitochondrial 
poisons and metabolic inhibitors. Chemicals also include 
those which induce ischemia, Such as antimycin A, DNP, and 
IAA, the use of which are explicated in Examples, 2.C., 2.D 
and 2.E, respectively. The level of injury due to the stress 
(and also the ability of a composition to ameliorate this 
injury) can be measured in a number of ways. Exemplary 
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techniques include use of DCF-DA, Alamar Blue, and 
DHR123, which measure the production of free radicals 
(reactive oxygen species), as described in Examples 2.A., 
2.F., and 2.B, respectively. Cell viability can be measured 
using the SYTOX assay, described in Example 2.F., or the 
kit described in Example 2.F. Enzyme activity, Such as that 
of lactate dehydrogenase, can be measured as described in 
Example 2.F. Additional methods of measuring StreSS and 
injury are known in the art. 
AS noted above, Subjects in various experiments to deter 

mine efficacy of compositions can be cells, tissues, organs or 
organisms. Organ-based assays include without limitation 
the use of isolated rat hearts (Example 3.A.) and isolated 
perfused rat livers (3.B.). Example 3.C describes the use of 
rat heart hypothermic preservation. These assays are par 
ticularly useful for evaluating the activity of cardioplegic 
and organ preservation Solutions comprising a composition 
of the invention. Organismal level assays include the inf 
arction assay described in Example 4. AS described in these 
examples, amelioration injury(ies) or disruption of energy 
metabolism Secondary to stress can be quantified (e.g., by 
measuring changes in levels of fluorescence of markers 
indicating enzyme activity or cell death). Preferably, ame 
lioration mediated by the compositions of this invention are 
at least about 30%, preferably at least about 50%, more 
preferably at least about 70%, even more preferably at least 
about 80%, and even more preferably at least about 90%. 

It will be clear to one of skill in the art that additional 
assays, based on various cells, tissues, organs and organisms 
will be useful in identifying compositions comprising a 
flavonoid and a Synergist, or optimized formulations com 
prising a flavonoid and an additional compound, which are 
useful in ameliorating injury(ies) or disruption of energy 
metabolism Secondary to StreSS. 
Methods of Making Compositions of the Invention 
The compositions of the present invention comprise at 

least one flavonoid and a Synergist. Suitable preparations of 
flavonoids and Synergists are known in the art and described 
in references cited herein. For example,...Solutions compris 
ing hesperetin are described in U.S. Pat. Nos. 5,587,176; and 
5,763,414. Suitable ratios and concentrations of these com 
pounds are described herein. 

Mixtures comprising a flavonoid and a Synergist can be 
incorporated into any of various media, including, but not 
limited to: 

Functional food ingredients. The formulations can be 
used, for example, 

as ingredients in high-energy Sports foods and drinkS 
designed for athletes. These include concentrated car 
bohydrate gels, Such as those containing maltodextrin 
and designed to be consumed with water. Additional 
foods include, but are not limited to, food bars, 
beverages, powders, cereals, cooked foods, food addi 
tives and candies. 

Functional companion animal foods. These include foods 
for pets and Sports animals. 

Optimal animal feeds. 
Wellness dietary Supplements to maintain health and 

improve probable outcome. These may be ingested, for 
example, as a prophylactic by a human who Suspects he 
or she may be in future danger of a stress (e.g., at high 
risk for coronary disease). The formulation is designed 
to reduce the Seriousness or damage caused by a 
coronary infarction Subsequent to ingestion. The for 
mulation can also be ingested by individuals who await 
a future organ transplant. 
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Medical foods. These includes foods designed for both 
nutritional and therapeutic functions. The formulations 
include medical foods which are Scientifically 
formulation, those which are ingested under 
prescription, and those which are administered via 
intubation. 

Baby foods. 
Organ preservation Solutions. These can be used for 

preservation of blood, bone, cornea, heart, intestine, 
kidney, liver, lung, skin, or other tissues. These can also 
be used for applications Such as transplant, organ 
preservation during Surgery and intraperitoneal flush 
during Surgery. 

Cardioplegic Solutions. 
Formulations for application during wound healing. 
Crop protectants. 
Guiding assay for development of plant or animal traits. 
Chemotherapy protective agents. 
Chemotherapy agents, antineoplastics. 
Formulations comprising an optimized formulation com 

prising a flavonoid and an additional compound, Such as a 
Synergist, capable of reducing injury(ies) or disruption of 
energy metabolism Secondary to StreSS can be introduced 
into any of these applications. 

Methods of preparing these various media (animal feeds, 
Sports drinks, cardioplegic Solutions, etc.) are known in the 
art. For example, preparation of animal feeds is described in 
U.S. Pat. Nos. 4,904,486; 5,759.598; 5,897,886; 5,904,928; 
and 5,744, 186; preparation of dietary supplements, U.S. Pat. 
Nos. 4,973,467; 4,980,168; 5,051,258; RE33,988; 5.219, 
889; 5,248,503; and 5,487,894; preparation of medical 
foods, U.S. Pat. Nos. 5,260,279; 5,326,569; 5,550,146; 
5,587,399; and 5,629,023; preparation of baby foods, U.S. 
Pat. Nos. 5,397.591; 5,723,166; 5,840,361; preparation of 
organ preservation solutions, U.S. Pat. No. 4,938,961; 
preparation of cardioplegic solutions, U.S. Pat. Nos. 4,988, 
515 and 5,554,497; preparation of crop protectants, U.S. Pat. 
No. 5,753,591; preparation of chemotherapy protective 
agents, U.S. Pat. Nos. 5,808,140 and 5,840,759; and prepa 
ration of chemotherapy agents, U.S. Pat. Nos. 5,736,531; 
5,770,591; 5,776,898; 5,808.038; and 5,859,295. See also 
the references cited therein. The preparation of a variety of 
medicinal excipients is described, for example, in Reming 
ton's Pharmaceutical Sciences, 18th edition, Mack Publish 
ing (1990). 

The preparation of aqueous Solutions of flavonoid and an 
additional compound, Such as a Synergist, is described 
above. Such acqueous Solutions can be used directly as 
medicinal agents (i.e., injected directly into a human being), 
or added to these various media, as is known in the art. 
Compositions comprising flavonoids for administration to 
an individual may be prepared to include a pharmaceutically 
acceptable excipient. Other methods of addition of compo 
Sitions of the invention to other media can be accomplished 
by methods known in the art. For example, U.S. Pat. No. 
5,763,414 describes preparation of laboratory animal feed 
comprising hesperetin. 
Methods of using Compositions of the Invention 

The non-naturally-occurring compositions comprising a 
flavonoid or derivative thereof and a Synergist Such as a 
carbohydrate, amino acid, nucleoside, carnitine, a flavonoid 
and/or tocopherol, and/or derivatives thereof, or an opti 
mized formulation comprising a flavonoid and an additional 
compound, are administered to a Subject to obtain a cyto 
protective effect. The Subject may be experiencing a disrup 
tion of energy metabolism Secondary to a stress, experienc 
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ing a StreSS that can disrupt energy metabolism, or be at risk 
for disruption of energy metabolism Secondary to StreSS. The 
compositions, as described above, can be prepared as a 
medicinal preparation (Such as an aqueous Solution for 
injection) or in various other media, Such as foods or humans 
or animals. 

If administered as a medicinal preparation, the composi 
tion can be administered, either as a prophylaxis or 
treatment, to a patient in any of a number of methods. The 
cytoprotective compositions may be administered alone or 
in combination with other pharmaceutical agents and can be 
combined with a physiologically acceptable carrier thereof. 
The effective amount and method of administration of the 
particular cytoprotective formulation can vary based on the 
individual Subject, the Stage of disease, the Stage of disrup 
tion of energy metabolism and other factors evident to one 
skilled in the art. During the course of the treatment, the 
concentration of the Subject compositions may be monitored 
to insure that the desired level is maintained. 

Generally, the route(s) of administration useful in a par 
ticular application are apparent to one of skill in the art. 
Routes of administration include, but are not limited to, oral, 
topical, dermal, transdermal, transmucosal, epidermal, 
parenteral and gastrointestinal. 

For in Vitro or eX Vivo administration, the compounds may 
be provided in the medium of the cells and/or organ; as a 
Single bolus, by repetitive addition, by continual infusion, or 
the like. 

For administration, the invention includes Subject com 
positions Suitable for oral administration including, but not 
limited to, pharmaceutically acceptable tablets, capsules, 
powders, Solutions, dispersions, or liquids. For rectal 
administration, the Subject compositions may be provided as 
Suppositories, as Solutions for enemas, or other convenient 
application. Otherwise, the Subject compositions may be 
administered intravascularly, arterially or venous, 
Subcutaneously, intraperitoneally, intraorganally, 
intramuscularly, or the like. 

For administration, the formulations may conveniently be 
presented in unit dosage form and may be prepared by any 
methods well known in the art of pharmacy. Such methods 
include the Step of bringing into association the active 
ingredients with the carrier which constitutes one or more 
accessory ingredients. In general, the formulations are pre 
pared by uniformly and intimately bringing into association 
the active ingredients with liquid carriers or finely divided 
Solid carriers or both, and then if necessary shaping the 
product. 

For oral administration, Suitable Subject compositions 
include, but not limited to, pharmaceutically acceptable 
tablets, capsules, powders, Solutions, dispersions, or liquids. 
Also, the Subject compositions may be compounded with 
other physiologically acceptable materials which can be 
ingested including, but not limited to, foods, including, but 
not limited to, food bars, beverages, powders, cereals, 
cooked foods, food additives and candies. 
When the composition is incorporated into various media 

Such as foods, it may simply be orally ingested. The food can 
be a dietary Supplement (Such as a Snack or wellness dietary 
Supplement) or, especially for animals, comprise the nutri 
tional bulk (e.g., when incorporated into the primary animal 
feed). 
The amount of the composition ingested, consumed or 

otherwise administered will depend on the desired final 
concentration. Typically, the amount of a Single administra 
tion of the composition of the invention can be about 0.1 to 
about 1000 mg per kg body weight, or about 0.1 to about 
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1000 mg per day. The amount of a single dosage can be, for 
example, at least about 10, at least about 20, at least about 
25, at least about 30, at least about 50, at least about 100, at 
least about 125, at least about 150, at least about 200, at least 
about 250, at least about 300, at least about 350, at least 
about 400, or at least about 500 mg/ml body surface area. 
The dosage can also be less than about 500, less than about 
400, less than about 350, less than about 300, less than about 
250, less than about 200, less than about 150, less than about 
100, less than about 50, less than about 30, less than about 
25, less than about 20, or less than about 10 mg/m. 
Preferably, the dosage is at least about 200 mg/m . Also, 
preferably the dosage is less than about 300 mg/m. Any of 
these doses can be further Subdivided into separate 
administrations, and multiple dosages can be given to any 
individual patient. Dosages for administration of flavonoids 
are known in the art, as are pharmacokinetic profiles, Such 
profiles can be exploited to conform administered doses to 
approximate desired concentrations at cells and/or organs of 
interest in an organism, Such as are described herein 

Formulations of the present invention adapted for oral 
administration may be presented as discrete units Such as 
capsules, cachets or tablets each containing a predetermined 
amount of the active ingredients, as a powder or granules, as 
a Solution or a Suspension in an aqueous or non-aqueous 
liquid, or as an oil-in-water liquid emulsion or a water-in-oil 
liquid emulsion. The active ingredients may also be pre 
Sented as a bolus, electuary or paste. 
A tablet may be made by compression or moulding, 

optionally with one or more accessory ingredients. Com 
pressed tablets may be prepared by compressing in a Suitable 
machine the active ingredient in a free-flowing form Such as 
a powder or granules, optionally mixed with a binder (e.g. 
povidone, gelatin, hydroxypropylmethylcellulose), 
lubricant, inert diluent, preservative, disintegrant (e.g. 
Sodium Starch glycollate, croSS-linked povidone, croSS 
linked Sodium carboxymethylcellulose) Surface-active or 
dispersing agent. Moulded tablets may be made by mould 
ing in a Suitable machine a mixture of the powdered com 
pound moistened with an inert liquid diluent. The tablets 
may optionally be coated or Scored and may be formulated 
So as to provide controlled release of the active ingredients 
therein using, for example, hydroxypropylmethylcellulose 
in varying proportions to provide the desired release profile. 

The Subject compositions may be administered parenter 
ally including intravascularly, arterially or venous, 
Subcutaneously, intradermally, intrape ritoneally, 
in trana Sally, intra organally, in tramuscularly, 
intracerebroVentricularly, or the like. 

Formulations for parenteral administration include acque 
ous and non-aqueous isotonic Sterile injection Solutions 
which may contain buffers, bacterioStats and Solutes which 
render the formulation isotonic with the blood of the 
intended recipient; and aqueous and non-aqueous Sterile 
Suspensions which may include Suspending agents and 
thickening agents. The formulations may be presented in 
unit-dose or multi-dose Sealed containers, for example, 
ampules and Vials, and may be Stored in a freeze-dried 
(lyophilized) condition requiring only the addition of the 
Sterile liquid carrier, for example water for injections, imme 
diately prior to use. Extemporaneous injection Solutions and 
Suspensions may be prepared from Sterile powders, granules 
and tablets of the kind previously described. 

Compositions of the present invention may be used with 
medicinal products Such as organ preservation Solutions, 
cardioplegic Solutions and chemotherapy protective agents. 
Administration of chemotherapy protective agents is 
described, for example, in U.S. Pat. Nos. 5,808,140 and 
5,840,759. 
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With regard to organ preservation, it is generally under 

stood that "living organs, including the heart, continue the 
process of metabolism after removal from the donor so that 
cell constituents are continuously metabolized to waste 
products. The accumulation of these metabolic waste 
products, depletion of cell nutrients and consequent 
derangement of cell composition lead to progressive loss of 
function and ultimately to cell death if the Storage technique 
is inadequate and, for example, the organ will lose its ability 
to function adequately after transplantation into the recipi 
ent. Several procedures have been Successfully explored to 
enable organs to be preserved eX Vivo for useful time 
periods. In one method the organ to be transplanted is 
rapidly cooled by flushing cold organ preservation Solutions 
through the organ's vascular System and maintaining the 
organ at temperatures near 0° C. for the purpose of greatly 
Slowing the metabolic rate. In the case of the mammalian 
heart, the flush Solution composition is designed to cause the 
heart to rapidly Stop beating as well as to preserve it. Another 
method for organ Storage utilizes continuous perfusion at 
temperatures in the range of 7-10 C. with an oxygenated 
Solution designed to Support Oxidative metabolism and to 
remove waste products. A Suitable organ perServation per 
fusate is delivered through the circulatory System of the 
isolated organ-usually from the arterial Side-and as the 
perfusate is conveyed through the vascular System waste 
products are carried away from the organ. Organs Such as 
kidney, liver and pancreas can commonly be preserved for 
Several dayS. 

Cardioplegic Solutions are chemical Solutions designed to 
Stop the heart and reduce its energy demands during cardiac 
Surgery. Generally, cardioplegic Solutions may be infused 
directly into the heart in order to either protect the heart 
against ischemic damage when its blood Supply is inter 
rupted (e.g., during routine open heart Surgery) or to avoid 
or reverse ischemic damage to the heart which has been 
deprived of its blood Supply (e.g., acute coronary occlusion) 
while such blood supply is re-established under controlled 
conditions (e.g., in the operating room or in the cardiac 
catheterization laboratory). 

Generally, to be appropriate and effective, cardioplegic 
and organ preservation Solutions have a composition that (1) 
minimizes hypothermic-induced cell Swelling, (2) prevents 
intracellular acidosis, (3) prevents the expansion of extra 
cellular space during the flush-out period, (4) prevents injury 
from oxygen-free radicals, especially during reperfusion, 
and (5) provides Substrates for regenerating high-energy 
phosphate compounds during reperfusion. 

Compositions of the present invention may be incorpo 
rated into cardioplegic and organ preservation Solutions or 
may simply be administered along with Such Solutions. 
Cardioplegic and organ preservation Solutions and methods 
for their administration are known in the art. See, for 
example, U.S. Pat. Nos. 4,798,824; 4,873,230; 4.879,283; 
4,938,961; 4.988,515; 5,554,497. Additional recent docu 
ments related to and describing cardioplegic and other organ 
preservation solutions include, Muhlbacher et al. (1999) 
Transplant. Proc. 31: 2069–2070; Elwatidy et al. (1999) 
Ann. Thorac. Surg. 68: 447-453; Vento et al. (1999) Ann. 
Thorac. Surg. 68:413-420; Wieselthaler et al. (1999) Trans 
plant. Proc. 31: 2067-2068; de Boer et al. (1999) Trans 
plant. Proc. 31:2065-2066; Matsuda et al. (1999) Surgery 
126: 264-271; Tanoue et al. (1998) Cardiovasc. Surg. 6: 
622-628. 

For example, compositions of the present invention may 
be used in conjunction with the preservation Solution com 
monly known as “UW” solution which contains hydroxy 
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ethylstarch and is described in U.S. Pat. No. 4,879,283. This 
preservation Solution is commercially available as 
VIASPANTM (Dupont Pharmaceuticals). 

For topical administration, the Subject compositions may 
be provided as a wide variety of product types including, but 
are not limited to, lotions, creams, gels, Sticks, SprayS, 
ointments and pastes. These product types may comprise 
Several types of formulations including, but not limited to 
Solutions, emulsions, gels, Solids, and liposomes. Topical 
administration of flavonoid compositions is described for 
example, in U.S. Pat. No. 5,587,176. 

Compositions useful for topical administration of the 
compositions of the present invention formulated as Solu 
tions typically include a pharmaceutically-acceptable aque 
ous or organic Solvent. The terms “pharmaceutically 
acceptable organic Solvent refer to a Solvent which is 
capable of having a flavonoid, Such as hesperetin, and the 
Synergist dispersed or dissolved therein, and of possessing 
acceptable Safety properties (e.g., irritation and sensitization 
characteristics). Examples of Suitable organic Solvents 
include: propylene glycol, polyethylene glycol (200-600), 
polypropylene glycol (425-2025), glycerol, 1,2,4- 
butane triol, Sorbitol esters, 1,2,6-hexane triol, ethanol, 
isopropanol, butanetriol, Sorbitol esters, 1,2,6-hexanetriol, 
ethanol, isopropanol, butanediol, and mixtures thereof. 

If the topical compositions useful in the Subject invention 
are formulated as an aerosol and applied to the skin as a 
Spray-on, a propellant is added to a Solution composition. 
Examples of propellants useful herein include, but are not 
limited to, the chlorinated, fluorinated and chloro 
fluorinated lower molecular weight hydrocarbons. 

Topical compositions useful in the Subject invention may 
be formulated as a Solution comprising an emollient. Such 
compositions may comprise a lipid Soluble Salt of 
hesperetin, Such as a calcium Salt. AS used herein, "emol 
lients” refer to materials used for the prevention or relief of 
dryneSS, as well as for the protection of the skin. A wide 
variety of Suitable emollients are known and may be used 
herein. 

Another type of product that may be formulated from a 
flavonoid and Synergist Solution is a cream. Another type of 
product that may be formulated from a Subject Solution is a 
lotion. 

Yet another type of product that may be formulated from 
a flavonoid and Synergist is an ointment. An ointment may 
comprise a simple base of animal or vegetable oils or 
Semi-solid hydrocarbons (oleaginous). Ointments may also 
comprise absorption ointment baseS which absorb water to 
form emulsions. Ointment carriers may also be water 
Soluble. 

Another type of formulation is an emulsion. Emulsifiers 
may be nonionic, anionic or cationic and examples of 
emulsifiers are described in, for example, U.S. Pat. Nos. 
3,755,560, and 4,421,769. 

Lotions and creams can be formulated as emulsions as 
well as Solutions. 

Single emulsions for topical preparations, Such as lotions 
and creams, of the oil-in-water type and water-in-oil type are 
well-known in the art. Multiphase emulsion compositions, 
Such as the water-in-oil-in-water type, are also known, as 
disclosed, for example, in U.S. Pat. No. 4,254,105. Triple 
emulsions are also useful for topical administration of the 
present invention and comprise an oil-in-water-in-Silicone 
fluid emulsion as disclosed, for exampled in U.S. Pat. No. 
4,960,764. 

Another emulsion useful in the topical compositions is a 
micro-emulsion System. For example, Such a System com 
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prises from about 9% to about 15% squalane; from about 
25% to about 40% silicone oil; from about 8% to about 20% 
of a fatty alcohol; from about 15% to about 30% of poly 
oxyethylene Sorbitan mono-fatty acid (commercially avail 
able under the trade name TWEENS) or other nonionics; and 
from about 7% to about 20% water. 

Liposomal formulations are also useful for the composi 
tions of the present invention. Such compositions can be 
prepared by first combining a flavonoid, Such as hesperetin, 
and an additional compound, Such as a Synergist, with a 
phospholipid, Such as dipalmitoylphosphatidylcholine, cho 
lesterol and water according to known methods, for 
example, as described in Mezei et al. (1982) J. Pharm. 
Pharmacol. 34:473–474, or a modification thereof. Epider 
mal lipids of Suitable composition for forming liposomes 
may be substituted for the phospholipid. The liposome 
preparation is then incorporated into one of the above topical 
formulations (for example, a gel or an oil-in-water emulsion) 
in order to produce the liposomal formulation. Other com 
positions and pharmaceutical uses of topically applied lipo 
somes are described for, example, in Mezei (1985) Topics in 
Pharmaceutical Sciences, Breimer et al. eds., Elsevier 
Science, New York, N.Y., pp. 345-358. 

For rectal administration, the Subject compositions may 
be provided as Solutions for enemas, as Suppositories with a 
Suitable base comprising, for example, cocoa butter or a 
Salicylate, or as other convenient applications. 

Formulation for vaginal administration may be presented 
as pessaries, tampons, creams, gels, pastes, foams or Spray 
formulations containing in addition to the active ingredient 
Such carriers as are known in the art to be appropriate. 
To determine the optimum concentration for any 

application, conventional techniques may be employed. 
Thus, for in Vitro and eX Vivo use, a variety of concentrations 
may be used and various assays employed to determine the 
degree of dysfunction of the cells when exposed to StreSS. 
Examples of Such assays are described herein and have been 
described, for example, in U.S. Pat. No. 5,801,159. 

For preservation of cells, the Subject compositions may be 
added for a short time, usually at least about 0.5 hour and 
then removed, maintained for long periods of time with the 
cells, including weeks or months or longer, may be replen 
ished periodically, or the like. Since the Subject compounds 
are for the most part Safe, without Significant Side effects, the 
Subject compounds may be maintained for the entire StreSS 
period or for an extended period in anticipation of StreSS. 

In Some situations, oxygen deprivation or other StreSS may 
due to physical activity, for example, with exercise or Sports 
activities, or to Surgery. The Subject compositions may be 
formulated as foods, as described above. The Subject com 
positions may combined with particular foods to enhance 
their effectiveness, Such as high protein foods, foods which 
enhance transport across the gut, Such as gums, foods which 
provide for compatible energy Sources, and the like. 
The above-mentioned compositions and methods of 

administration are meant to describe but not limit the 
methods of administering the cytoprotective compositions 
of the invention. 

Various assays, compositions and methods useful for 
identifying compositions for amelioration of disruption of 
energy metabolism Secondary to StreSS are described in 
Examples 1 to 4. 

Examples 5 to 12 describe the efficacy of various com 
positions comprising a flavonoid and a Synergist are capable 
of ameliorating StreSS Secondary to alteration in energy 
metabolism. Useful flavonoids include hesperetin, dioSmin, 
biochanin A and daidzein. Useful Synergists include amino 
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acids, carbohydrates, carnitines, other flavonoids, nucleo 
Sides and tocopherols. Effective Synergist amino acids 
include glycine, alanine, N-acetyl-cysteine, Synergist carbo 
hydrates include, fructose-1,6-bisphosphate, ADP-ribose, 
hydroxybutyrate, pyruvate and ribulose; Synergist carnitines 
include carnitine tartrate, acetyl carnitine and carnitine free 
base, Synergist flavonoids include chrysin, dioSmin, 
hesperidin, luteolin, quercetin and rutin, Synergist nucleo 
Sides include adenosine and inosine and Synergist toco 
pherols include (+/-) alpha-tocopherol, (+)-alpha 
tocopherol Type V, (+)-alpha-tocopherol, (+)-delta 
tocopherol and (+)-gamma-tocopherol. 

The following examples are provided to illustrate, but not 
limit, the invention. 

EXAMPLES 

Example 1 
Example 1 describes methods for culturing exemplary 

cells for use in cellular assays described herein. 
GCL1 Cell Culture 
The GCL1 (Wif-B) liver cell line is a hybrid originating 

from the fusion of rat hepatoma cells (fao) and human 
fibroblasts (W138) (Cassio et al., 1991, J. Cell Biol. 
115:1397-1408; Shanks et al., 1994, J. Cell Science 
107:813–825). When GCL1 cells are cultured under optimal 
conditions they attain maximal density in a monolayer and 
exhibit structural and functional characteristics of a polar 
ized hepatocyte. Ihrke et al., 1993, J. Cell Biol. 
123:1761-1775. At greater than 80% confluence, more than 
80% of the cells participate in forming one or more 
phaselucent, Spherical Structures that are located between 
cells, termed bile canicular-like Spaces. In contrast to the 
majority of cell lines maintained in culture which are 
fermentative, GCL1 cells, when at their maximal density 
and polarity, are highly oxidative (i.e., they can be readily 
killed by inhibitors of oxidative phosphorylation or electron 
transport uncouplers). Such cells grown under Such condi 
tions are “oxidatively competent” or “energetically compe 
tent and are useful for Screening compounds and chemical 
libraries to identify cytoprotective agents that may be useful 
to treat ischemic injury. These cells are amenable to use in 
high throughput Screening (HTS) technology. 
GCL1 growth media is a modified F-12 Casio Nutrient 

Mixture (Gibco BRL Cat. #94-5147EL). Other reagents 
used in the culture of GCL1 cells include 0.05% trypsin 
solution, Phosphate Buffered saline (PBS; Irvine Scientific 
Cat. #9240) and Fetal Bovine Serum (FBS; Hyclone 
#SH30070.03). 

The GCL1 cell line, obtained from Johns Hopkins 
University, and passage numbers 3 to 9 are Stored frozen. 
Frozen GCL1 cells are thawed rapidly (within 60-80 
seconds) in a 37°C. water bath. As soon as the ice is melted, 
the vial is removed from the water bath and the cell 
suspension is transferred to 25 ml of growth media in a 75 
cm culture flask (T75; Coming 430641). The cells are 
evenly distributed in the growth media and are incubated at 
37° C. with 7% CO in air atmosphere. The GCL1 cell line 
grows in monolayerS and takes approximately 7 days to 
reach confluence when seeded at 10° cells per T75 flask. 
During this time the cells are microscopically examined and 
the growth media changed every 2 days. The culture media 
is pre-warmed before use. 

Once the cells have reached confluence, they can be 
subcultured and used to seed either T75 flasks or opaque 
96-well cell culture plates (Costar 3603 or 3916). The 
growth media is removed from the tissue culture flask(s) and 
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the cells are carefully washed with PBS (approximately 20 
ml for a T75 flask). The PBS is removed and replaced with 
2 ml of 0.05% Trypsin Solution. After 4-5 minutes at room 
temperature, or until the cells begin to loosen from the vessel 
Surface, the flask is tapped gently to complete the cell 
detachment. The cell suspension is diluted with 8 ml of fresh 
growth media. The cells are counted using a hemocytometer 
and, from a confluent T75 flask, approximately 107 cells are 
harvested. 
To seed T75 flasks, 10° cells are added to the flask and 

diluted with 25 mL of media. For 96-well plates, 10° cells 
per plate at 200 uL/well (approximately 10 cells/well) are 
seeded. To set up 96-well plates, a multichannel Pipettor 
(12-channel or automatic 8-channel) may be used to distrib 
ute the cell Suspension. Before Seeding into each plate, the 
cell Suspension is mixed to ensure the cells are uniformly 
distributed. The growth media is replaced with 200 u/well 
of fresh media plates every day with the exception of the day 
after the plates are Seeded. The cells can be used for assays 
6-8 days after they are seeded. 

Example 2 
Various protocols described in Example 2.A. to 2.F 

describe methods of using cellular assays to determine the 
ability of a potential biological agent to counteract cellular 
StreSS. 

Example 2.A. 

Dcf-Da Reactive Oxygen Species (ROS) Assay 
ROS generation and cell injury can be induced in cells by 

treatment with mitochondrial poisons or metabolic 
inhibitors, Such as Antimycin A or Ca". Kowaltowski et al. 
(1998) FEBS Letters 425:213–216; Kowaltowski et al. 
(1995) Am. J. Physiol. 269: C141–147; Kowaltowski et al. 
(1996) J. Biol. Chem. 271:2929–2934. This protocol allows 
the Screening and evaluation of agents to protect cells 
against chemical ischemia and cell injury, Such as that 
induced through ROS generation. In this protocol, mito 
chondrial poisons or metabolic inhibitors are used to induce 
ROS generation in oxidatively competent cells as a model 
System for cytoprotective agent Screening. This procedure is 
amenable to high-throughput Screening (HTS) technology. 
1. Assay for ROS 

2,7-Dihydrodichlorofluorescein diacetate (DCF-DA) 
(Molecular Probes, Cat #D-399), a probe for intracelluar 
production of ROS, is a nonfluorescent ester that, upon 
penetration into cells, is hydrolyzed to DCFH by the cellular 
esterases. LeBel et al. (1992) Chem. Res. Toxicol. 
5:227-231. The probe is rapidly oxidized to the highly 
fluorescent Species dichlorofluorescein in the presence of 
cellular peroxidase and reactive oxygen metabolites Such as 
hydrogen peroxide or fatty acid peroxides. The mitochon 
drial poisons or metabolic inhibitors KCN, Antimycin A 
(AA) or sodium iodoacetate (IAA) are used to induce ROS 
generation in the cells. 
DCF-DA is dissolved in DMSO to generate a 100 mM 

Stock Solution, which is aliquoted and stored in dark at -20 
C. until use. Oxidatively competent cells, such as GCL-1 
cells described in Example 1.are seeded onto 96-well plates 
at 2.5x10 cells/well. Cells are grown in DMEM with 5% 
FBS and 1.5 g/L sodium bicarbonate for 24 hours to reach 
85% confluent. Before treatment, cells are washed once with 
200 ul warm HBSS (25 mM HEPES, 100 mM NaCl, 5 mM 
KCl, 1.2 mM MgCl, 1.3 mM CaCl, 1.0 mM. KHPO, pH 
7.4, filter sterilized). The 100 mM stock solution of non 
fluorescent diacetate ester of DCF-DA in DMSO is diluted 
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in HBSS to yield a final concentration of 15 uM. 100 ul of 
this solution is added to all wells of the test plate and the 
plate is incubated at 37 C. for 30 minutes to allow incor 
poration and hydrolysis of the diester from the probe. After 
30 minutes incubation, the HBSS containing DCF-DA is 
removed and replaced with 100 ul of HBSS containing 
different concentration of KCN (Sigma, Cat #20,781-0), 
Antimycin A (Sigma, Cat #A8674) or sodium iodoacetate 
(Sigma, Cat #2512). KCN is dissolved in HBSS to make a 
stock solution of 1 M, then diluted further with HBSS to 50, 
25, 12.5, 6.25 and 3.125 mM for dose-response curves. 
Antimycin A is dissolved in DMSO to make a stock solution 
of 50 mM, then diluted further with HBSS to 50, 25, 12.5, 
6.25, and 3.125 uM for dose-response curves. Sodium 
Iodoacetate is dissolved in HBSS to make 100 mM stock 
Solution, and then diluted further with HBSS to 100, 50, 25, 
12.5, and 6.25 uM for dose-response curves. 

For Screening for cytoprotective agents, the cells are then 
treated with cytotoxic and/or cytoprotective agents after 
DCF-DA loading. HO (10 mM) is used for generating 
100% ROS in each experiment. Fluorescent measurements 
are made on Labsystem cytofluorometer plate reader at 485 
nm excitation and 530 emission. The plates are kept at 37 
C. in an incubator. The generation of intracellular ROS is 
measured every 30 minutes for 5 hours by automatic robot 
operation. 
2. Cell Injury Measurement 

Cell injury induced by ROS generation after treatment is 
measured by Alamar Blue Stain. Alamar blue, an oxidation 
reduction Sensitive dye, is a fluorometric/colorimetric indi 
cator of metabolic activity. Alamar Blue is non-toxic dye, 
making it possible to obtain measures of the metabolic rate 
and the maximal functional capacity of mitochondrial in 
living cells. At the 4 hour incubation time point, 20 ul of 1 x 
Alamar Blue is added to each well and incubated for 60 
minutes prior to measurement. The plates are read on a 
cytofluorometer at 540 nm excitation and 590 nm emission 
to determine the conversion of the colorimetric dye to a 
fluorometric reading. The data is compared to non-treated 
cells (control) and is expressed as meantS.D from 4 culture 
wells. 
3. Results 

The data is reported as arbitrary fluorescence units of 
DCF. Results are meaniSD of net intracellular fluorescence 
unit, e.g., fluorescence in the presence of cytotoxic com 
pound (AA, KCN or IAA) minus fluorescence without 
cytotoxic compound (HBSS only) in triplicate. Comparisons 
among groups are Statistically evaluated by two-tailed t-test 
(Graphpad prism Software, version 2.0). Differences are 
considered significant at P-0.05. 

Example 2.B. 

Peroxynitrite Anion ROS Assay 
This protocol allows the Screening and evaluation of 

agents to protect cells against chemical ischemia and cell 
injury, Such as that induced through peroxynitrite formation. 
In this protocol, we have used mitochondrial poisons or 
metabolic inhibitors to induce peroxynitrite formation in 
oxidatively competent cells as a model System for cytopro 
tective agent Screening. This procedure is amenable to HTS 
technology. 
1. Assay for Peroxynitrite 
Dihydrorhodamine 123 (DHR 123) (Molecular Probes, 

Cat #D-632), a marker for peroxynitrite, is a nonfluorescent 
probe that enters to mitochondrial and fluoresces when 
oxidized by peroxynitrite to positively charged Rhodamine 
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123 derivative. The mitochondrial poisons or metabolic 
inhibitors KCN, Antimycin A (AA) or sodium iodoacetate 
(IAA) are used to induce peroxynitrite formation in the cells. 
DHR 123 is dissolved in DMSO to generate a 50 mM 

Stock Solution, which is aliquoted and Store in dark at -20 
C. until use. Energetically competent cells are Seeded onto 
96-well plates at 2.5x10/well. Cells are grown in DMEM 
with 5% FBS and 1.5 g/L sodium bicarbonate for 24 hours 
to reach 85% confluence. Before treatment, cells are washed 
once with 200 ul warm HBSS (25 mM HEPES, 100 mM 
NaCl, 5 mM KCl, 1.2 mM MgCl, 1.3 mM CaCl, 1.0 mM 
KHPO, pH 7.4, filter sterilized). The 50 mM stock solution 
of nonfluorescent DHR 123 in DMSO is diluted in HBSS to 
yield a final concentration of 3 M. 100 ul of this solution 
is added to all wells of the test plate and the plate is 
incubated at 37 C. for 30 minutes. After 30 minutes 
incubation, the HBSS containing DHR 123 is removed and 
replaced with 100 ul of HBSS containing different concen 
tration of KCN (Sigma, Cat #20,781-0), Antimycin A 
(Sigma, Cat #A8674) or sodium iodoacetate (Sigma, Cat 
#2512). KCN is dissolved in HBSS to make a stock solution 
of 1 M, then diluted further with HBSS to 50, 25, 12.5, 6.25 
and 3.125 mM for dose-response curves. Antimycin A is 
dissolved in DMSO to make a stock Solution of 50 mM, then 
diluted further with HBSS to 50, 25, 12.5, 6.25, and 3.125 
tiM for dose-response curves. Sodium lodoacetate is dis 
Solved in HBSS to make 100 mM stock Solution, and then 
diluted further with HBSS to 100, 50, 25, 12.5, and 6.25uM 
for dose-response curves. 

For Screening of cytoprotective agents, the cells are then 
treated with the mitochondrial poisons or metabolic inhibi 
tors and/or cytoprotective agents after DHR 123 loading. 
Peroximitrite is used to generate 100% Rhodamine 123 
fluorescence in each experiment. The fluorescence of 
Rhodamine 123 is measured using a Labsystem cytofluo 
rometer plate reader at 485 nm excitation and 530 emission. 
The plates are maintained at 37 C. incubator during the time 
course. The generation of peroxynitrite is measured at every 
30 minutes for 5 hours by automatic robot operation. 

Cell injury induced by peroxynitrite after treatment is 
measured by Alamar Blue Stain as described in Example 
2.A.2. 
2. Results 
The data is reported as arbitrary fluorescence unit of 

Rhodamine 123. Results are meantSD of net intracellular 
fluorescence unit, e.g., fluorescence in the presence of 
cytotoxic compound (AA, KCN or IAA) minus fluorescence 
without cytotoxic compound (HBSS only) in triplicate. 
Comparisons among groups are Statistically evaluated by 
two-tailed t-test (Graphpad prism Software, version 2.0). 
Differences are considered significant at P-0.05. 

Example 2.C. 

Chemical Ischemia: Antimycin A (AA) Treatment 
AA is an inhibitor of the mitochondrial cytochrome bc1 

complex and inhibits cellular respiration in a dose 
dependent manner (Suzuki H. et al., 1998, Biochem. Bio 
phys. Res. Commun. 249:542-545). 

Oxidatively competent cells are prepared as described in 
Example 1. and Example 2.A and are seeded onto 96-well 
plates at 1x10/well or 2.5x10/well as passage 15. The cells 
are grown in DMEM with 10% FBS and 1.5 g/L sodium 
bicarbonate for 24 or 48 hours to reach 85% confluence. The 
cells are washed once with HBSS and then 100 ul of HBSS 
containing different concentration of AA (Sigma, Cat #A 
8674) is added to the cells. AA is dissolved in DMSO to 
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make a stock Solution of 50 mM, then diluted with HBSS to 
25, 12.5, 6.25, 3.125, and 1.56 uM for dose-response curves. 
The cells, with or without AA, are incubated at 37 C. in a 
5% CO humidified incubator for 1 to 5 hours. The concen 
tration of AA is chosen to induce 75% or 100% cell death as 
a Screening dose to test the effect of agents to protect against 
AA-induced cell toxicity. The concentration of agents used 
for Screening will be dependent upon the agents. Certain 
control groups contain 100 ul of HBSS only. 

The cell toxicity is evaluated at the end of treatment. The 
cytotoxicity is measured, for example, by SYTOX 
(Molecular Probe), Live/Dead Viability/Cytotoxicity Kit 
(Calcein AM/Ethidium Homodimer-1, Molecular Probe), 
Alamar blue (Accumed), or LDH assay (Sigma), as 
described herein. 

Example 2.D. 

Chemical Ischemia: 2,4,-Dinitrophenol (DNP) 
Treatment 

Oxidatively competent cells are seeded onto 96-well 
plates at 1x10/well or 2.5x10/well as passage 15. The cells 
are grown in DMEM with 10% FBS and 1.5 g/L sodium 
bicarbonate for 24 or 48 hours to reach 85% confluence. The 
cells are washed once with HBSS and 100 ul of HBSS 
containing different concentration of 2,4-Dinitrophenol 
(DNP) (Sigma, Cat #D 7004) is added to the cells. DNP is 
dissolved in DMSO to make a stock Solution of 100 mM, 
then further diluted with HBSS to 1000, 500, 250, 125, 62.5, 
31.25, 15.6, and 7.8 uM for dose-response curves. The cells, 
with or without DNP, are incubated at 37° C. in a 5% CO 
humidified incubator for 1, 3, and 5 hours. The concentration 
of DNP is chosen to induce 75% or 100% cell death as a 
Screening dose to test the effect of agents to protect against 
DNP-induced cell toxicity. The concentration of agents used 
for Screening will be dependent upon the agents. Certain 
control groups contain 100 ul of HBSS only. 

The cell toxicity is evaluated at the end of treatment. The 
cytotoxicity is measured, for example, by SYTOX 
(Molecular Probe), Live/Dead Viability/Cytotoxicity Kit 
(Calcein AM/Ethidium Homodimer-1, Molecular Probe), 
Alamar blue (Accumed), or LDH assay (Sigma), as 
described herein. 

Example 2.E. 

Chemical Ischemia: Sodium lodoacetate (IAA) 
Treatment 

The metabolic inhibitor IAA is a powerful alkylating 
agent that binds to the active site of glyceraldehyde 
3-phosphate dehydrogenase and irreversibly inhibits the 
action of this enzyme to induce ATP depletion. Gore et al. 
(1989a).J. Clin. Invest.83:386–396, Gore et al. (1989b) Am. 
J. Physiol. 257:C347–C354. Oxidatively competent cells are 
prepared as described in Example 1 and are Seeded onto 
96-well plates at 1x10/well or 2.5x10/well as passage 15. 
The cells are grown in DMEM with 10% FBS and 1.5 g/L 
Sodium bicarbonate for 24 or 48 hours to reach 85% con 
fluence. The cells are washed once with HBSS and then 100 
ul of HBSS containing different concentration IAA (Sigma, 
Cat #I-2512) is added to the cells. IAA is dissolved in HBSS 
to make a stock Solution of 10 mM, then further diluted with 
HBSS to 200, 100, 50, 25, 12.5, 6.25, 3.125, and 1.56 uM 
for dose-response curves. The cells, with or without IAA, 
are incubated at 37 C. in a 5% CO2 humidified incubator for 
1, 3, and 5 hours. The concentration of IAA is chosen to 
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induce 75% or 100% cell death as a screening dose to test 
the effect of agents to protect against IAA- induced cell 
toxicity. The concentration of agents used for Screening will 
be dependent upon the agents. Certain control groups con 
tain 100 ul of HBSS only. 
The cell toxicity is evaluated at the end of treatment. The 

cytotoxicity is measured, for example, by SYTOX 
(Molecular Probe), Live/Dead Viability/Cytotoxicity Kit 
(Calcein AM/Ethidium Homodimer-1, Molecular Probe), 
Alamar blue (Accumed), or LDH assay (Sigma), as 
described herein. 

Example 2.F. 

Assessment of Cell Viability 
1. LDH Measurement 
The hypoxia/reoxygenation or chemicals-induced cell 

toxicity is evaluated by measuring lactate dehydrogenase 
(LDH) activity released into the bathing medium. 50 ul of 
HBSS collected from each well is added to a 96 well plate 
and then mixed with 100 ul reagent from LD-L 20 Kit 
(Sigma, Cat #228-20). The plate is immediately placed into 
the SpectraMax 340 and read at 340 nm wavelength at 25 
C. for 3 minutes at 30 seconds intervals (kinetic 
measurement). All of the sample readings Subtract the back 
ground readings, which is 50 ul HBSS and 100 ul of assay 
reagent. LDH activity (units/liter) is calculated by kinetic 
Softmax PRO Software, one unit of LDH activity is defined 
as that amount of enzyme that catalyzed the formation of one 
micromole of NADH per minute under the condition of the 
assay procedure. All data is expressed as meantS.D. from 
duplicates for 4 culture wells. A paired t-test is performed 
comparing treated groups (Toxin-i-Agent) With non-treated 
groups (Toxin only) after Subtracting the control groups 
(HBSS only) for each data Set. Comparisons among groups 
are statistically evaluated by two-tailed t-test (Graphpad 
prism Software, version 2.0). Differences are considered 
significant at P-0.05. 
2. Alamar Blue Measurement 
Alamar blue, an oxidation-reduction Sensitive dye, is a 

fluorometric/colorimetric indicator of metabolic activity. 
Alamar Blue is non-toxic dye, making it possible to obtain 
measures of the metabolic rate and the maximal functional 
capacity of mitochondrial in living cells. At the 4 hour 
incubation time point, 20 ul of 1x Alamar Blue is added to 
each well and incubated for 60 minutes prior to measure 
ment. The plates are read on a cytofluorometer at 540 nm 
excitation and 590 nm emission to determine the conversion 
of the calorimetric dye to a fluorometric reading. The data is 
compared to non-treated cells (control) and is expressed as 
meantS.D from 4 culture wells. Alamar Blue fluorescence 
units obtained from each group will Subtract that from 
cell-free wells with only HBSS and fluorescence reagent. 
Data are represented as meantSD. A paired t-test is per 
formed comparing treated groups (Toxin-i-Agent) with non 
treated groups (Toxin only) after Subtracting the control 
groups (HBSS only) for each data set. Comparisons among 
groups are Statistically evaluated by two-tailed t-test 
(Graphpad prism Software, version 2.0). Differences are 
considered significant at P-0.05. 
3. SYTOX Measurement 
SYTOX Green nucleic acid stain is a high-affinity nucleic 

acid Stain that easily penetrates cells with a compromised 
plasma membrane but will not cross the membrane of live 
cells. The nucleic acids of dead cells fluoresce bright green 
at 524 nm when excited with the 488 nm spectral source or 
with any other 450-500 nm source. Hence during a time 
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course with cells incubated with SYTOX, the fluorescent 
emission at 524 nm is proportional to cell death. In the cell 
Viability assay chemical ischemia is created in cells and then 
cells are incubated with the SYTOX dye. The compound 
antimycin is used to Simulate ischemia at the same time as 
stimulating the cells with forskolin. Antimycin inhibits 
electron transport from FADH between complexes II and 
III and hence lowers cellular ATP synthesis. The assay is 
performed on cells grown in 96-well format allowing high 
throughput Screening of compounds. 

Materials: (i)SYTOX Green dye, supplied as a 5 mM 
solution in DMSO (Molecular Probes #S-7020) is stored at 
-20° C. until use. ii.) Antimycin-A: (Sigma #A-8674) dis 
solve 5.28 g in 10 ml of DMSO to make a 10 mM stock 
solution. Aliquot at 100 ul. This 10 mM stock is then diluted 
to 1 mM with DMSO and aliquoted at 25 uL. Both the 10 
mM and the 1 mM are stored at -20° C. until use. (iii) 
Forskolin (Sigma #F-6886), dissolve 50 mg aliquot in 1.62 
ml of DMSO to make a 100 mM stock solution. Aliquot at 
100 ul and store at -20° C. until use. iv.) HBSS-SYTOX 
FORSKOLIN-ANTIMYCIN (H-S-F-A) solution: H-S-F-A 
Solution is made up fresh prior to each assay in Sterile 175 
ml or 225 ml Falcon bottles. The working concentrations for 
the assay are 3 uM SYTOX, 50 uM Forskolin and 30 uM 
Antimycin. 

In each experiment, a 1:500 dilution with HBSS from the 
500 uM stock solution is made to generate a 1 uM final 
working solution of SYTOX Green. The final concentration 
of DMSO is 0.2%. 

Cells are grown in in 96-well black plates (with or without 
clear bottoms) at a density of 1000 cells per well for 24 
hours. The necessary number of 96-well plates containing 
the specific cell type are obtained and placed in the laminar 
flow safety cabinet. A sterile microtiter basin is filled with 
the appropriate volume of pre-warmed 1xHBSS. Using 
aseptic technique and an 8-channel aspirator, the media is 
carefully removed from the cells and replaced with 200 ul of 
1xEIBSS. This is done as quickly as possible to prevent the 
cells drying out. The plates are then placed in the humidified 
37 C. incubators of the Biomek 2000 Side Loader. Four 
plates are washed at a time So as to minimize the time that 
the cells are sitting in 1xEIBSS prior to addition of the 
H-S-A-compound test Solution. 

Compound(s) are mixed with the 1 uMSYTOX working 
Solution and added to the washed cell culture wells. Fluo 
rescence is measured at designated time points (488 mm 
excitation and 530 nm emission). All of the sample readings 
Subtract the background readings, which is cell-free wells 
only containing HBSS buffer with SYTOX green dye. The 
data is compared to non-treated cells (control) and is 
expressed as meantS.D. from 4 culture wells. SYTOX 
Green fluorescence units obtained from each group are 
corrected for basal fluorescence (cell-free wells with only 
HBSS and fluorescence reagent). Data are represented as 
meantSD. A paired t-test is performed comparing treated 
groups (Toxin-i-Agent) with non-treated groups (Toxin only) 
after subtracting the control groups (HBSS only) for each 
data Set. Comparisons among groups are Statistically evalu 
ated by two-tailed t-test (Graphpad Prism Software, version 
2.0). Differences are considered significant at P-0.05. 
4. Live/Dead Viability/Cytotoxicity Measurement 
The Live/Dead Viability/Cytotoxicity Kit (Molecular 

Probes, Calceiin AM/Ethidium Homodimer-1, Molecular 
Probe, Cat #L3224) provides a single-step, two color assay 
which measures both live and dead cells at Same time point. 
The live cells are identified by intracellular esterase activity, 
and dead cells are identified by the lack of plasma membrane 
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integrity. The cell-permeant esterase Substrate Calcein AM is 
nonfluorescent converted by enzymatic activity to highly 
fluorescent Calcein, which is retained within live cells and 
imparts an intense green fluorescence. Ethidium 
homodimer-1 (EthD-1) is a dye excluded from cells with 
intact membrane but is readily able to enter dead cells 
undergoes a fluorescence enhancement upon binding nucleic 
acids, producing a bright red fluorescence. At the end of 
reoxygenation or chemical ischemia treatment. 100 ul of 
HBSS containing Calcein AM (2 uM) and EthD-1 (4 uM) 
are added to each well yielding 200 ul per well containing 
1 uM Calcein AM and 2 uM Eth)-1. The samples are 
incubated at room temperature for 15 minutes prior to 
measurement of fluorescence at 485 nm excitation and 530 
nm emission for living cells and at 485 nm excitation and 
645 nm emission for dead cells. All of the Sample readings 
will Subtract the background readings, which is cell-free 
wells only containing HBSS buffer and Calcein AM/Eth)-1. 
The data is compared to non-treated cells (control) and is 
expressed as mean+S.D from 4 culture wells. Calcein/ 
Eth)-1 fluorescence units obtained from each group will 
subtract that from cell-free wells with only HBSS and 
fluorescence reagent. Data are represented as meantSD. A 
paired t-test is performed comparing treated groups (Toxin-- 
Agent) with non-treated groups (Toxin only) after Subtract 
ing the control groups (HBSS only) for each data set. 
Comparisons among groups are Statistically evaluated by 
two-tailed t-test (Graphpad prism Software, version 2.0). 
Differences are considered significant at P-0.05. 

Example 2.G. 
Hypoxia/Reoxygenation Treatment 

Oxidatively competent cells are prepared as described in 
Example 1. 
The cells are washed once with 1xHBSS and 100 ul of 

HBSS is added. Agents to be tested are diluted in HBSS and 
added to the cells. Control cell groups have only HBSS 
added. Cells are plated in a modular incubator chamber 
(Billups-Rothenberg Inc., Del Mar, Calif.) and flushed for 15 
minutes with 95% N215% CO (14 L/ml) to reach to the 
environmental oxygen concentration toward Zero. The 
chamber is sealed and placed into a 37 C. incubator for 
various times. The cells incubated under normoxic condi 
tions from the same batch and passage will be used as 
normoxic controls. "Normoxic condition” refers to standard 
cell culture with the use of 90% air (21.8% oxygen) and 5% 
CO. 

Reoxygenation is attained by removing the cell culture 
plates from the chamber and replacing cultures in normoxic 
conditions for various times. The positive control drug 
Trolox (10 uM) or N-acetylcystein (NAC), an antioxidant, 
will be used in each experiment. 

Cell toxicity is evaluated at the end of treatment. The 
cytotoxicity is measured, for example, by SYTOX 
(Molecular Probe), Live/Dead Viability/Cytotoxicity Kit 
(Calcein AM/Ethidium Homodimer-1, Molecular Probe, Cat 
#L 3224), Alamar blue (Accumed), or LDH assay (Sigma, 
Cat #228-20), as described herein. 

Example 3 
Example 3 describes organ-based assays for determining 

the efficacy of a cytoprotective agent. Such protocols can be 
used, for example, to re-test agents found to be effective in 
cellular assays, Such as those described in Example 2. 

Example 3. A 
Isolated Rat Heart 

This organ perfusion procedure is useful for testing agents 
found to counteract ischemia in cell-based assayS. Because 
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ischemia can rapidly result in disruptions in how cells make 
and regulate energy Synthesis, compounds or mixtures iden 
tified through cell-based Screening that protect against ener 
getic disturbances may be used in methods of treatment and 
prevention of myocardial ischemia and reperfusion injury. 

Investigations of myocardial ischemia have been under 
taken using a broad range of experimental models. The 
cytoprotective effect of an agent may be tested in the 
experimental Setting, where its eventual coronary effects can 
be controlled and Separated from its direct metabolic and 
molecular effects on the myocyte. Several endpoints may be 
employed to test the occurrence of cytoprotection. For 
example, utilized parameters include, but are not limited to, 
the following: (1) reduction in the extent of myocardial 
infarct size; (2) improvement in mechanical and/or meta 
bolic function; (3) Substrate utilization; (4) release of lactate; 
(5) tissue content of high energy Stores; (6) isolated mito 
chondrial function; (7) integrity of cellular or intracellular 
membranes; (8) adenosine and purine metabolism; (9) oxy 
gen toxicity, and (10) release of intracellular Substances. 
Among various models, the isolated and perfused heart 
preparation is widely used in testing different agents clas 
sified as cardioprotective by using these endpoints. This 
System allows the examination of experimental cardiac 
ischemia and reperfusion injury without the complications 
of an intact animal model. The principle of the model is 
based on forcing blood or an oxygenated fluid into the 
coronary arteries through a cannula implanted in the aorta. 
This protocol is designed to assess the effects of an agent, or 
mixture of agents, on normal, nonischemic, isolated rat 
hearts and on the recovery of these hearts undergoing global 
ischemia. 
1. Procedure 
Male Sprague-Dawley rats (250-300 g. 6-10 weeks of 

age) are fasted overnight and then anaesthetized with 3% 
isoflurane and heparinized with 200 units of 1,000 units/mL 
of heparin by an intravenous injection. Following induction 
of anesthesia, the chest and upper abdomen are shaved and 
Swabbed with an antiseptic (e.g., Betadine, or equivalent). 
0.2 mL of 1,000 units/mL of heparin is administered through 
the penis vein. After waiting one minute for heparinizing, 
the skin is incised by a longitudinal cut from the middle of 
the upper abdomen to the throat. The abdomen is opened up 
to the diaphragm and the diaphragm cut off the ribs follow 
ing the anterior part of the inferior thoracic aperture. The 
thorax is cut open on the left and right Side following the 
bone-cartilage-border on a line parallel to the Sternum 
Starting at the diaphragm and proceeding as far cranial as to 
the first rib. The complete anterior thoracic wall is turned 
upwards over the animal's head and fixed in this position by 
two towel clamps. The pericardium is removed as far as its 
attachment at the vascular stem. The heart is slightly 
elevated, cut out with a pair of bent Scissors, and rapidly 
placed into ice-cold Krebs-Henseleit buffer solution (KH, 
118 mM NaCl, 4.7 mM KCl, 1.2 mM MgSO, 1.2 mM 
KHPO, 11 mM glucose, 25 mM NaHCO, and 2 mM 
CaCl). After the contractile activity of the heart has com 
pletely ceased, the heart is trimmed and the ascending aorta 
freed from the connective tissue. The aorta is cannulated, 
and the heart mounted on a non-recirculation Langendorff 
perfusion apparatus (Radnoti Glass Technology, Inc.). The 
heart is perfused in a retrograde fashion via the aorta at a 
constant pressure of 100 cm H2O with KH Solution oxy 
genated with 95% O and 5% CO to maintain pH 7.4 at 37° 
C. To assess contractile function, a lateX balloon is inserted 
into the left ventricular cavity through the mitral orifice and 
connected to a pressure transducer by a rigid polyethylene 
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tubing. The balloon is inflated with water to a left ventricular 
end-diastolic pressure (LVEDP) of 1 to 10 mm Hg. The 
Sinus node is removed by cutting the right atrium and the 
heart paced to 300 beats/min at 3-5 V using an external 
pacemaker, ensuring identical heart rates for all hearts. After 
a 30 minute aerobic perfusion for equilibration, the heart is 
subjected to complete global ischemia for 30 minutes by 
turning off the perfusion System. After 30 minute ischemia, 
the perfusion System is restarted, and the heart reperfused for 
an additional 60 minutes. Tested agents are administrated to 
the heart by adding them to the KH buffer during pre 
ischemia period, or pre-ischemia and reperfusion period. 
The left ventricular systolic pressure (LVSP), the LVEDP, 
the left ventricular developed pressure (LVDP), the first 
derivative of the rise and fall in the left ventricular pressure 
(dp/dt max, dp/dt min) and heart rate are automatically 
recorded using a computer and a Software. The coronary 
effluent during reperfusion is collected and the lactic dehy 
drogenase (LDH) measured spectrophotometrically using a 
microplate reader. 
2. Statistical Model 
The Statistical parameters used to Select the number of 

animals required for Statistical significance are based upon 
estimated variation. The parameters are: power=0.8; 
significance=0.05; coefficient of variation of the sample 
mean=100%, and detection threshold=1 standard deviation. 
The equation used to estimate the number of animals 
required is: ne2 (O/8) (tri-te-pa). A two-tailed com 
parison was chosen to allow comparison between experi 
mental groups, as well as comparison to the control group. 
The data collected from the technique development group 

of animals are used to validate the assumed variance. The 
number of animals in Subsequent groups are adjusted 
accordingly. 

No. 
Animals/ Compounds Total No. 

Group Dose Doses Examined Animals 

Control (untreated) 16 1. infa 16 
experimental 16 3 9 432 
technique development 32 

Total animals 48O 

3. Data Analysis 
This protocol measures the recovery from ischemia and 

reperfusion injury of contractile function in hearts treated 
with putative cytoprotective agents. Comparison of each 
experimental group with the control group is performed via 
the Student-Newman algorithm or by ANOVA. The data is 
inspected to confirm the underlying assumptions of the 
comparison algorithms: normality, equal Samples size, etc. 
Additionally, outliers in the data are inspected and diagnosed 
through comparison with the laboratory notes. Additionally, 
the performance of experimental groups are compared rela 
tive to each other. These comparisons are also performed 
using the Student-Newman algorithm or multiple regression 
ANOVA, as above. 

Example 3.B. 
Isolated Perfused Rat Liver 

This organ perfusion procedure is useful for testing agents 
found to be useful in cell-based assayS. Because ischemia 
can rapidly result in disruptions in how cells make and 
regulate energy Synthesis, agents or mixtures identified 
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through cell-based Screening that protect against energetic 
disturbances may be used in methods of treatment and 
prevention of hypothermic metabolic arrest and Subsequent 
rewarming injury. Agents characterized for this use may also 
be of use in methods of treatment of other ischemic disorders 
Such as Stroke and heart attack. 

The isolated perfused rat liver model is a gold-Standard 
model employed by investigators for the study of liver 
transplantation. It is well-established, characterized, and 
experimental endpoints are well-defined for graft function. 
Standard variables associated with hepatic function are 
measured and include oxygen extraction, enzyme leakage, 
and alterations in portal venous resistance. Histological 
assessment is also obtained. These measurements character 
ize hepatic function with regards to physiologic, cellular and 
morphologic assessment. 
1. Procedure 
Male Sprague-Dawley rats (250-300 g. 6-10 weeks of 

age) are fasted overnight and then anaesthetized as described 
in Example 3A. Following shaving of the abdomen, abdomi 
nal contents are exposed thorough an ~2.5 cm midline 
laparotomy. 200 units of 1,000 units/mL of heparin is 
administered through the infrarenal inferior Vena cava. A 
5-O silk ligature is placed about (not tied) the portal vein and 
the Suprarenal inferior Vena cava. The portal vein is cannu 
lated with a modified 16 gauge angiocatheter and Secured. 
With care to avoid air emboli, the liver is perfused in situ 
during the hepatectomy interval at a flow rate of 2.5-3.0 
mL/g liver minute (about 20 mL/minute) with 35° C. modi 
fied Krebs-Henseleit buffer containing 119 mM NaCl, 20 
MM NaHCO, 4.7 mM KC1, 1.2 mM KHPO, 1.2 mM 
MgSO and 2 mM CaCl, oxygenated with 95% O2:5% 
CO. Immediately following the initiation of perfusion, the 
abdominal aorta and infrarenal inferior Vena cava are 
transected, the thoracic cavity entered, and right atrium 
incised. Following ligation of the Suprarenal inferior Vena 
cava with a 5-O silk ligature, a ligature is placed about (not 
tied) the thoracic inferior Vena cava proximal to the right 
hemidiaphragm. A modified 14 hangiocatheter is inserted 
distally through the incised right atrium and Secured. The 
liver is then Sequentially dissected from the diaphragmatic 
attachments, vascular and Visceral pedicles, weighed, and 
immediately connected to an immersion-thermostated non 
pulsatile (hydrostatic) perfusion System. Ischemia time is 
typically anticipated to be <60 Seconds, with a total Surgical 
procedures time of 5-7 minutes. Animals are effectively 
euthanized during the procedure under full general anesthe 
sia by terminal bleed. This is achieved by transection of the 
abdominal inferior Vena cava and aorta, followed by thora 
cotomy. 

Following hepatectomy, livers are equilibrated in Krebs 
Henseleit buffer at 37 C. for 15 minutes. Pre-storage 
assessment of organ function includes: (i) measurement of 
portal venous resistance; (ii) Visual inspection for gas 
emboli; and (iii) oxygen extraction. Following assessment, 
livers are removed from perfusion system, flushed with 20 
mL of test storage Solution at 4 C. at a rate of 2 mL/minute. 
Following hypothermic equilibration in test Storage Solution, 
inflow and outflow cannulas are occluded, and the organ is 
stored at 4 C. in 40x80 mm crystallization dishes for 
predetermined time intervals. 

Liver viability is assessed following hypothermic Storage 
by reperfusion at 37 C. with modified Krebs-Henseleit 
buffer containing 119 mM NaCl, 20 mM NaHCO, 4.7 mM 
KCl, 1.2 mM KHPO, 1.2 mM MgSO, and 2 mM CaCl, 
oxygenated with 95% O2:5% CO, at a flow rate of approxi 
mately 3 mL/g liver/minute. Oxygen extraction is deter 
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mined by the Fick principle, and assessed 30 and 60 minutes 
following rewarming-reperfusion. Aliquots of hepatic per 
fusate outflow are collected and assayed for lactate dehy 
drogenase release. Additional measurements include assess 
ment of post Storage portal venous resistance and 
histological assessment of tissue by H&E staining. 
The Statistical parameters used to Select the number of 

animals required for Statistical Significance are as described 
in Example 3.A. 
2. Data Analysis 

This protocol assesses oxygen consumption in organs 
treated with putative cytoprotective agents and with control 
compounds. Comparison of each experimental group with 
the control group is performed via the Student-Newman 
algorithm or by ANOVA. The data is inspected to confirm 
the underlying assumptions of the comparison algorithms: 
normality, equal Samples size, etc. Additionally, outliers in 
the data are inspected and diagnosed through comparison 
with the laboratory notes. Additionally, the performance of 
experimental groups are compared relative to each other. 
These comparisons are also performed using the Student 
Newman algorithm or multiple regression ANOVA, as 
above. 

Example 3.C. 

Rat Heart Hypothermic Preservation 
This example outlines procedures of rat heart hypother 

mic Storage with the Supplemental use of cardioplegia to 
obtain Satisfactory myocardial preservation for heart trans 
plantation. One of the most fundamental aspects of myo 
cardial preservation during transplantation is the utilization 
of hypothermia. The beneficial effects of Supplementing 
hypothermia with cardioplegia during the various Stages of 
heart procurement and implantation have been documented, 
and, thus, this procedure has become Standard practice in 
clinical transplantation. 

Heart Preservation: 250-300 g male Sprague-Dawley rats 
are anaesthetized with 3% isoflurane and heparinized with 
200 units of 1,000 units/ml of heparin intravenous injection. 
The thorax is opened and the heart rapidly excised and 
placed in ice-cold Galileo's agent or vehicle in St. Thomas 
cardioplegic solution. The blood is flushed out with 15 ml of 
cold Galileo's agent or vehicle in St. Thomas cardioplegic 
Solution via the ascending aorta. The heart is then Stored in 
100 ml of cold Galileo's agent or vehicle in St. Thomas 
cardioplegic solution for 12 hours at 4 C. 
Measurement of Cardiac Function: The heart contractile 

ability is tested by isolated perfused (Langendorff) heart 
method, as described herein. After 12 hours Storage, the 
heart is mounted on a non-recirculation Langendorff perfu 
Sion apparatus (Radnoti Glass Technology, Inc.) by cannu 
lating the aorta. The heart is perfused in a retrograde fashion 
via the aorta at a constant pressure of 100 cm HO with 
Krebs-Henseleit buffer solution (KH) containing of 118 mM 
NaCl, 4.7 mM KCl, 1.2 mM MgSO, 1.2 mM KHPO, 11 
mM glucose, 25 mM NaHCO and 2 mM CaCl, oxygen 
ated with 95% O and 5% CO to maintain pH 7.4 at 37° C. 
To assess contractile function, a lateX balloon is inserted into 
the left ventricular cavity through the mitral orifice and 
connected to a pressure transducer by a rigid polyethylene 
tubing. The balloon is inflated with water to a left ventricular 
end-diastolic pressure (LVEDP) of 1 to 10 mm Hg. The heart 
is perfused for 45 minutes. The left ventricular systolic 
pressure (LVSP), the LVEDP, the left ventricular developed 
pressure (LVDP), the first derivative of the rise and fall in 
the left ventricular pressure (dp/dt max, dp/dt min) and heart 
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rate are automatically recorded using a computer and a 
Software. The LVDP, LVEDP, dp/dt max, heart rate and heart 
function index (LVDP X heart rate) between experimental 
groups are compared using Student t test and a p value of 
less than 0.05 will be considered to indicate statistical 
Significance. 

Example 4 

Rat Heart Infarct Size Assay 
Animal-based assays are used to determine efficacy of 

cytoprotective agents. Animal-based assays can be used, for 
example, with agents found to be effective in at least one 
cellular assay (Such as those described in Example 2) and/or 
an organ assay (Such as those described in Example 3). 

This assay is used to assess the efficacy of cytoprotective 
agents in protecting heart muscle against necrosis during 
myocardial infarction induced in rats. 
1. Procedure 
250-300 g male Sprague-Dawley rats are anaesthetized 

initially with 3% isoflurane and the concentration of isof 
lurane is reduced to 1.25% after orotracheal intubation. 
Intubation is performed with a modified Teflon 16-gaugex2" 
intravenous catheter (Abbott) by transillumination and the 
rats are ventilated by a small animal ventilator (Harvard) 
with a tidal volume of 10 ml/kg and respiratory rate 75 
breathS/min. The animal is placed Supine and core body 
temperature, monitored by a rectal thermometer, is main 
tained at 37 C. by using a heating blanket (Homeothermic 
Blanket System Harvard). The operation areas are cleaned 
with alcohol Swab and a craniocaudal incision approxi 
mately 2.5 cm is made, parallel with and slightly to the left 
of the Sternum, through the skin and pectoral muscles, to 
expose the ribs. A blunt curved forceps is plunged between 
the forth and fifth ribs, through the intercostal muscles, at a 
point approximately 2 mm to the left of the Sternum and the 
gap widened to about 15 mm. The fifth costal cartilage is 
transected with a Scissors at about 0.5 cm to the left of the 
Sternum, the pericardium opened and the heart exteriorized 
by applying pressure to the lateral aspects of the thoracic 
cage. A 6-0 Silk Suture with a taper needle is passed around 
the left coronary artery near its origin, which lies in contact 
with the left margin of the pulmonary cone, at about 1 mm 
from the insertion of the left auricular appendage. AS the 
heart is returned to the mediastinum, the ligature is tied with 
a slip knot and one end of the Suture is exteriorized through 
the chest wall to allow removal of the ligature by traction on 
the exteriorized portion without re-opening the chest. The 
chest is closed by 1 to 2 intercostal Sutures and then the 
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muscles and skin with 4-0 silk Suture. The endotrachial tube 
is removed and the rats returned to the cage to wake. After 
30 minutes when the occlusion is completed, the coronary 
artery is reperfused by releasing the knot and removing the 
exteriorized Suture without anesthesia and the animal is 
allowed free access to food and water. 
2. Measurement of Infarct Size and Area at Risk 
The following day, the rats are re-anesthetized with 

isoflurane, the coronary artery is again briefly occluded 
through ligation of a Suture at the Same site of the previous 
occlusion, and 2 ml of 5%. Even’s blue dye is injected into 
the vena cava to delineate the ischemic area at risk (negative 
staining with Evan's blue) of the left ventricle. The heart is 
removed, washed with Saline, and cut into four 2-mm thick 
transverse slices from apex to base. The Slices are incubated 
in 1% triphenyltetrazolium chloride (TTC) in pH 7.4 phos 
phate buffer for 20 minutes at 37 C. Tetrazolium reacts with 
NADH in the presence of dehydrogenase enzymes causing 
viable tissue to Stain a deep red color that is easily distin 
guished from the infarcted pale-unstained necrotic tissue. 
The areas of infarcted tissue, the risk Zone and the whole left 
Ventricle are determined using a computerized image SyS 
tem. The area for each region are averaged from Slices. 
Infarct size is expressed both as a percentage of the total left 
Ventricle and as a percentage of the ischemic risk area. 

The Statistical parameters used to Select the number of 
animals required for Statistical Significance are as described 
in Example 3.A. 

Example 5 

Efficacy of Various Flavonoids in Ameliorating 
Alterations in Normal Energy Metabolism 

Hesperetin, dioSmin, luteolin and quercetin were tested 
individually for their ability to counteract disruptions of 
normal energy metabolism. Flavonoids were commercially 
obtained, generally from Sigma Chemical Co., St. Louis, 
Mo., and/or Aldrich Chemical Co., Milwaukee, Wis. GCL1 
cells, as described in Example 1, were treated Simulta 
neously with a flavonoid and the mitochondrial poisin 
antimycin A (100 nM), as described in Example 2.C. Cell 
death was measured by SYTOX assay, as described in 
Example 2.F. 

Data related to cell death in the presence of various 
concentrations of hesperetin (Sigma Chemical Co., cat. 
#H4125) over the period of about 5 hours are presented in 
Table 1. Data related to cell death in the presence of various 
dioSmin, luteolin and quercetin concentrations 4 hours after 
treatment are presented in Table 2. 

TABLE 1. 

Cell Death 

Hesperetin 
17 uM 

Hesperetin 
6 uM 

Hesperetin 
1.9 uM 

Hesperetin 
O uM 

0.0% + O.O 

2.3% 0.3 

0.0% + 0.0 

0.4% SD 0.5 

27.2% 2.O 
64.1% 0.6 

80.3% + 1.0 

0.0% + 0.0 

1.8% 0.8 

28.4% + 1.5 
65.0% 15 

81.8% O.7 

0.0% + O.O 

0.5% + 0.6 

30.4% + 3.3 
66.0% - 3.1 

81.5% + 1.4 

0.0% + 0.0 

1.4% 0.4 

31.2% + 8.2 
67.5% 6.5 

83.1% 2.5 

+ SD, Standard deviation. 
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TABLE 2 

Cell Death 

Diosmin 400 uM 200 uM 100 uM 50 uM 
4 hours 82.5% 2.6 85.2% 2.O 85.3% 0.6 84.9% + 1.6 
Luteolin 250 uM 125 uM 62.5 uM 31.25 uM 
4 hours 33.4% O.6 53.7% 5.4 69.0% 2.2 74.5% + 1.2 
Quercetin 400 uM 200 uM 100 uM 50 uM 
4 hours 1.0% 0.5 0.0% 0.9 22.0% 2.2 57.1% 2.4 

+ SD, Standard deviation. 

AS shown by the data presented above, there are concen 
tration optima associated with the various flavonoids under 
the conditions tested. For example, hesperetin showed little, 
if any, protective effect at concentrations of 50 uM and 
below; dioSmin was similarly ineffective at concentrations 
less than 400 uM, under the conditions tested. In contrast, at 
concentrations of about 60 uM and above, luteolin exhibited 
cytoprotective activity, quercetin’s protective activity is 
apparent at concentrations of 25 uM and above. While from 
a computational Standpoint, it is generally simpler to test 
compounds or combinations of compounds at their respec 
tively Sub-effective concentrations, testing of combinations 
of compounds at higher concentrations is not precluded 
under the invention. Hesperetin is considered an exemplary 
flavonoid in many of the examples that follow. 

Example 6 

Mixtures of Flavonoids with Carbohydrates 
Various concentrations of hesperetin and carbohydrates 

were tested for Synergistic activity to ameliorate disruption 
of energy metabolism Secondary to StreSS. AS exemplified 
below, Such assays are useful for the identification of com 
binations of compounds with Synergistic activity. In general, 
as described above, a combination of compounds is consid 
ered to exhibit “synergistic' cytoprotective activity, if the 
protection afforded by the combination is greater than the 
additive effect provided by the agents alone (in comparison 
to a control Sample lacking a test compound). In other 
words, the combination exhibits activity as a non-linear 
multiple of the activities of the individual compounds. It is 
appreciated that, provided with the teachings of the present 
invention, the practitioner will be able to Select concentra 
tion ranges of the identified compositional components and 
test Such components in an appropriate cell or tissue pro 
tection assay, Such as one or more of those exemplified 
herein. The test paradigm will optimally include “grid” of 
concentrations of each component tested alone and in 
combination, and will include untreated control test condi 
tions as well. 

GCL1 cells, as described in Example 1, were treated 
simultaneously with hesperetin, ribulose and 100 nM anti 
mycin A, as described in Example 2.C. The cells were 
treated with various low concentrations of hesperetin and 
various concentrations of ribulose (Sigma Chemical Co.). 
Hesperetin, ribulose and antimycin A were mixed together 
before treating the cells. Cell viability was measured at time 
points up to 5 hours using SYTOX, as described in Example 
2.F. 

Experiments carried out in Support of the invention dem 
onstrated that, over certain concentration ranges, hesperetin 
demonstrates Synergism with ribulose in protecting cells 
from death due to stress, where control cell death was 82.9% 
after 4 hours. For example, 25 uM hesperetin reduced cell 
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death by 1.8% (to 81.1%). Concentrations of 1.25 and 10 
mMribulose potentiated cell protection by 25 uM Hespere 
tin. In particular, 1.25 mM ribulose, by itself, resulted in 
4.4% reduction in cell death, while the combination of 25 
luM Hesperetin and 1.25 mM ribulose resulted in 21.2% 
reduction in cell death. Likewise, while 10 mM ribulose 
reduced cell death by 26.5%, the combination of 10 mM 
ribulose and 25 uM hesperetin resulted in a 53.3% decrease 
in cell death, thus demonstrating Synergistic activity. By way 
of another example within the Hesperetin range tested, 75 
luM Hesperetin provided 7.5% protection by itself, above 
control level; in the presence of 1.25 mMribulose, there was 
28.6% reduction in cell death. Other concentrations tested in 
the range of 0-10 mM ribulose revealed further optimized 
concentrations of these components, for example, the com 
bination of 25 uM Hesperetin with 2.5 or 5 mM ribulose 
resulted in 36.8% and 37.6% reductions in cell death, 
compared to control, respectively, while 5 mM ribulose 
added to concentrations ranging from 3–75 uM Hesperetin 
were also effective. 

In similar assays, hesperetin was also found to act Syn 
ergistically with other carbohydrates in protecting cells from 
stress. Carbohydrate Synergists included galactose (for 
example, 25 mM galactose with 50 uM hesperetin), pyruvate 
(for example, 200 uM pyruvate with 50 uM hesperetin), 
ADP-ribose (for example, 660 uM ADP-ribose with 6-50 
AlM hesperetin), fructose-1,6-bisphosphate (for example, 6.6 
mM fructose-1,6-bisphosphate with 50 uM hesperetin) and 
f3-hydroxybuty rate (for example, 550 uM 
f3-hydroxybutyrate with 50 uM hesperetin). Further opti 
mized and/or Synergistic combinations of these components 
can be determined empirically. 

Example 7 

Mixtures of Flavonoids and Nucleosides 

Various concentrations of hesperetin and nucleosides 
were tested for an ability to ameliorate disruption of energy 
metabolism Secondary to StreSS. AS presented below, hes 
peretin and adenosine were found to protect cells from StreSS 
in cellular assayS. 
GCL-1 cells (Example 1) were treated simultaneously 

with hesperetin, adenosine and 100 nM antimycin A, as 
described in Example 2.C. The cells were treated with 
various low concentrations of hesperetin and various con 
centrations of adenosine (Sigma Chemical Co.). Hesperetin, 
adenosine and antimycin A were mixed together before 
treating the cells. Cell viability was measured after 4 hours 
treatment using SYTOX, as described in Example 2.F. in 
these experiments, control cell death averaged 65.4%. At 
certain concentrations, the combination of hesperetin and 
adenosine was found to protect GCL1 cells from stress. For 
example, the combination of 50 uM hesperetin and 11 uM 
adenosine resulted in a reduction of cell death from 67.5% 
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to 33%. Thus, the present invention is useful for identifying 
optimal combinations of active agents. 
When tested on oxidatively competent cells, adenosine 

and hesperetin were found to act Synergistically in reducing 
cell death at Several exemplary combinations of concentra 
tions. For example, the combinations of 28 uMadenosine 
with 83 uM hesperetin and of 83 uMadenosine with 28 uM 
hesperetin each demonstrated Synergistic activity, providing 
additional protection (over additive) of 13.6% and 20.3%, 
respectively. More generally, 83 uM adenosine provided 
Synergistic effects when added to concentrations of Hespere 
tin ranging from 28-250 uM, while 250 uM Hesperetin was 
Synergistic with adenosine ranging from 9-83 uM. 

Optimized concentration combinations were also discov 
ered in the general ranges reported above; for example, 50 
uM Hesperetin (14.4% protection alone)+11 uMadenosine 
(17.9% protection alone) represents an optimal combination, 
by providing 34.5% protection; likewise, the combination of 
28 uM Hesperetin with 28 Madenosine was also optimal. 
Additional Synergistic and optimized concentrations may be 
determined empirically according to the methods described 
herein. 

Hesperetin was also found to act Synergistically with 
inosine in Similar assayS. For example, a Synergistic com 
bination was 3.6 uM inosine with 50 uM hesperetin. 

Example 8 

Mixtures of Flavonoids and Amino Acids 

Various concentrations of the exemplary flavonoid hes 
peretin and Several amino acids were tested for Synergistic 
activity to ameliorate disruption of energy metabolism Sec 
ondary to StreSS. AS presented below, hesperetin and glycine 
were found to act Synergistically in protecting cells from 
StreSS in cellular assayS. 
GCL-1 cells were treated Simultaneously with hesperetin, 

glycine and 100 nM antimycin A, as described in Example 
2.C. The cells were treated with various low concentrations 
of hesperetin and various concentrations of glycine (Sigma 
Chemical Co.). Hesperetin, glycine and antimycin A were 
mixed together before treating the cells. Cell viability was 
measured 4 hours after treatment using SYTOX, as 
described in Example 2.F. 

Experiments carried out in Support of the invention 
showed that hesperetin and glycine act Synergistically in 
ameliorating disruption of energy metabolism Secondary to 
StreSS. Glycine, at concentrations ranging from 33-100 uM 
acted Synergistically with Hesperetin at concentrations rang 
ing from about 2-50 uM Hesperetin. For example, the 
combination of 50 uM hesperetin and 100 uM glycine was 
effective in reducing cell death from 82.1% to 12.7%, under 
conditions in which the same concentration of Hesperetin 
alone had virtually no effect (81.3% death) and glycine alone 
produced 40.8% protection. 

In further assays, hesperetin was also found to act Syn 
ergistically with other amino acids in protecting cells from 
stress. Other Synergistic amino acids included alanine (for 
example, 30 uMalanine with 6-50 uM hesperetin), and 
N-acetyl-cysteine (for example, 1 mM N-acetyl-cysteine 
with 50 uM hesperetin). 

Example 9 

Flavonoid Combinations 

Various concentrations of hesperetin and other flavonoids 
were tested for Synergistic ability to ameliorate disruption of 
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48 
energy metabolism Secondary to StreSS. AS presented below, 
hesperetin and chrysin were found to act Synergistically in 
protecting cells from StreSS in cellular assayS. 

Oxidatively competent cells were treated Simultaneously 
with hesperetin, chrysin and 100 nM antimycin A2.C. The 
cells were treated with various low concentrations of hes 
peretin and various concentrations of chrysin (Sigma 
Chemical Co., cat. #C3018). Hesperetin, chrysin and anti 
mycin A were mixed together before treating the cells. Cell 
Viability was measured at time points up to 5 hours using 
SYTOX, as described in Example 2.F. 
At Selected concentrations, hesperetin demonstrates Syn 

ergism with chrysin in protecting cells from StreSS. In 
experiments carried out in Support of the invention, cell 
death was reduced, for example, from 72.9% to 24.1% with 
the combination of 60 uM chrysin and 50 uM hesperetin 
under conditions in which the same concentration of hes 
peretin alone had virtually no effect (73.4% cell death) and 
chrysin alone produced 50.1% cell death. Optimized con 
centrations were also revealed, as cell death was reduced, for 
example, to 22.5% with the combination of 6.6 uM chrysin 
and 17 uM hesperetin. Generally, concentrations Selected 
from the range of 2.2-60 uM chrysin and 2-50 uM Hes 
peretin were found to provide optimized formulations. 

In other assays, hesperetin was also found to act Syner 
gistically with other flavonoids in protecting cells from 
stress. Other Synergistic flavonoids included dioSmin (for 
example, 200 uM dioSmin with 8.3 uM hesperetin), hespe 
ridin (for example, 300 uM hesperidin with 50 uM 
hesperetin), luteolin (for example, 1 uM luteolin with 17 uM 
hesperetin, 3.3-9 uM luteolin with 2 uM hesperetin) and 
rutin (for example, 7.4 uM rutin with 2-17 uM hesperetin). 
Optimized luteolin/Hesperetin combinations included 6 uM 
hesperetin with 1-9 uM luteolin and 17 uM hesperetin with 
0.33, 3, and 6 uM luteolin. Optimized rutin/Hesperetin com 
binations included 22-200 uM rutin with 2 uM Hesperetin 
and 200 uM rutin with 6 uM Hesperetin. 

Hesperetin was also tested with quercetin in cell StreSS 
assays in accordance with the invention. Synergistic com 
binations included, for example, 3 uM Hesperetin with 
3.3-30 uM quercitin and 8 uM Hesperetin with 1.1 uM 
quercetin. Optimized concentration combinations included 
8-25 uM Hesperetin with 3.3-10 uM quercetin. 

Example 10 

Mixtures of Flavonoids and Carnitines 

Various concentrations of hesperetin and carnitine prepa 
rations were tested for Synergistic ability to ameliorate 
disruption of energy metabolism Secondary to StreSS. 
GCL-1 cells were treated Simultaneously with hesperetin, 

carnitine tartrate and 100 nM antimycin A, as described in 
Example 2.C. The cells were treated with various low 
concentrations of hesperetin and various concentrations of 
carnitine tartrate. Hesperetin, carnitine tartrate and antimy 
cin A were mixed together before treating the cells. Cell 
Viability was measured 4 hours after treatment using 
SYTOX, as described in Example 2.F. 

Hesperetin and carnitine tartrate were found to act Syn 
ergistically in ameliorating StreSS Secondary to alterations in 
energy metabolism. For example, combinations of Hespere 
tin ranging from 6-50 uM in combination with 10 mM 
carnitine provided Synergistic effects on cell protection. The 
combination of 50 uM hesperetin and 10 mM carnitine 
tartrate was effective in reducing GCL-1 cell death from 
97.4% to 18.7%, under conditions in which the same con 
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centration of hesperetin alone had little effect (92.6% cell 
death) and carnitine tartate alone produced 59.5% cell death. 

In further experiments, carnitine free base and acetyl 
carnitine demonstrated Synergistic activity with hesperetin 
in ameliorating StreSS Secondary to alterations in energy 
metabolism. For example, combinations of 6-50 uM hes 
peretin with 20 uM carnitine free base was effective in 
reducing cell death from 81% to an average of 46%. Also, 
for example, combinations of 2-17 uM hesperetin with 190 
tiMacetylcarnitine was effective in reducing cell death from 
76% to an average of 41.5%. Other synergistic and opti 
mized formulations can be determined empirically, as dis 
cussed above. 

Example 11 

Mixtures of Flavonoids with Tocopherols 
Various concentrations of flavonoids and tocopherols 

were tested for the combined ability to ameliorate disruption 
of energy metabolism Secondary to StreSS. Tocopherols were 
obtained from Sigma Chemical Co. and Stock Solutions 
(about 40 mg/ml) prepared by mixture with 10 mM glyco 
cholic acid. Glycocholic acid does not protect cells at the 
concentrations used. 

In experiments carried out in Support of the invention, 
various concentrations of dioSmin and alpha-tocopherol 
were tested for Synergistic ability to ameliorate disruption of 
energy metabolism Secondary to StreSS. Oxidatively compe 
tent cells were treated Simultaneously with dioSmin, alpha 
tocopherol and antimycin A2.C. The cells were treated with 
various low concentrations of dioSmin (Sigma Chemical 
Co., cat. #D3525) and various low concentrations of (+/-) 
alpha-tocopherol. Diosmin, alpha-tocopherol and antimycin 
were mixed together before treating cells. Cell viability was 
measured 4 hours after treatment using SYTOX. Experi 
ments in Support of the present invention showed that 
dioSmin exhibits Synergism with (+/-) alpha-tocopherol in 
protecting cells from StreSS. For example,dioSmin in the 
range of 3.3-100 uM was not protective by itself, but was 
Synergistic in that range with 10 ug/ml (+/-) alpha 
tocopherol, a concentration at which (+/-) alpha-tocopherol 
was only slightly (about 15%) protective by itself. Likewise, 
the combination of disomin (11-100 uM) with 1.1 ug/ml 
(+/-) alpha tocopherol was Synergistic. Combinations of 
33-100uM dioSmin formed optimized combinations with 
3.3 ug/ml (+/-) alpha tocopherol. DioSmin alone provided 
no protection at a concentration of 100 uM. However, the 
combination of 100 uM dioSmin and 100 tug/ml alpha 
tocopherol greatly reduced cell death, providing about 70% 
protection against StreSS-induced cell death, indicating Syn 
ergism between these components. A combination of 100 
AlM dioSmin and 11 lug/ml (+/-) alpha tocopherol was also 
Synergistic. 

Additional experiments demonstrated that dioSmin and 
gamma-tocopherol act Synergistically. At concentrations 
ranging from 0.03–0.3 ug/ml, gamma-tocopherol was not 
protective by itself; however, in the presence of dioSmin 
(33-100 uM), synergism was observed. As noted above, 
diosmin by itself was not effective over this range. Lower 
concentrations of dioSmin (3.3-11 um) were also Synergis 
tic with 0.1 ug/ml gamma tocopherol. Optimized formula 
tions were also revealed (for example, 0.03 ug/ml gamma 
tocopherol plus 100 uM dioSmin, and 1 lug/ml gamma 
tocopherol plus 11 um dioSmin). 

Various concentrations of hesperetin and various toco 
pherols were tested for ability to ameliorate disruptions in 
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SO 
energy metabolism Secondary to StreSS. Oxidatively compe 
tent cells were treated Simultaneously with hesperetin, anti 
mycin A, and (+/-) alpha-tocopherol, (+)-alpha-tocopherol 
Type V, (+)-alpha-tocopherol, (+)-delta-tocopherol, or (+)- 
gamma-tocopherol. Cells were treated and cell death was 
recorded four hours later. At the concentrations used (2 and 
50 uM heperitin, 0.22 and 3.6 tug/ml tocopherol), hesperetin 
and tocopherols are generally ineffective when tested Sepa 
rately. Addition of 50 uM hesperetin to various tocopherols 
greatly reduced cell death in a Synergistic manner. For 
example, cell death was reduced to 20% with the combina 
tion of 50 uM hesperetin and 3.6 tug/ml (+)-alpha-tocopherol 
or 0.22 ug/ml (+)-gamma tocopherol. Cell death was 
reduced to 30% with the combination of 0.22 u/ml hespere 
tin and 0.22 ug/ml (+)-delta-tocopherol. The combination of 
0.22 tug/ml tocopherol with hesperetin in the range of 2-60 
tiM was also particularly Synergistic. Thus, hesperetin acts 
Synergistically with various tocopherols, including, without 
limitation, (+/-) alpha-, delta- and gamma-tocopherol. 

Optimized formulations comprising biochanin A and a 
tocopherol were also identified in experiments carried out in 
support of the invention. When tested individually, about 
half of the cells died at the highest concentrations of 
biochanin A and alpha-tocopherol tested. However, the 
combination of the two compounds was effective, with the 
greatest reduction in cell death occurring with the combi 
nations of 15 lug/ml biochanin A and 1.0 lug/ml alpha 
tocopherol, and 15 lug/ml biochanin A and 3.0 ug/ml alpha 
tocopherol. 

Additional experiments, not shown, determined the opti 
mal formulation comprising gamma-tocopherol and biocha 
nin A. Compositions comprising 0.11 or 0.33 ug/ml gamma 
tocopherol and 15 lug/ml biochanin A allowed a nearly 40% 
decrease in cell death compared to gamma-tocopherol alone. 

Various concentrations of the flavonoid daidzein and (+/-) 
alpha-tocopherol were tested for an ability to ameliorate 
disruption of energy metabolism Secondary to StreSS 

Likewise, optimized formulations comprising daidzein 
and a tocopherol may be selected and formed in accordance 
with the present invention. Daidzein and (+/-) alpha 
tocopherol were individually and jointly tested for efficacy 
over a wide range of concentrations. When tested 
individually, over half of the cells died at the highest 
concentrations of daidzein and (+/-) alpha-tocopherol 
tested. However, the combination of the two compounds was 
effective, with the greatest reduction in cell death in this 
experiment occurring with the combinations of 15 uM 
daidzein and 1.0, 3.0 or 10.0 ug/ml (+/-) alpha-tocopherol. 

Additional experiments, not shown, also determined opti 
mized formulations for daidzein and alpha-tocopherol in 
preventing cell death in these cells. Optimized formulations 
comprised 15 uM daidzein and 3.0 or 10.0 ug/ml (+/-) 
alpha-tocopherol, and reduced cell death to about 35-37%. 

All documents cited herein are incorporated by reference 
in their entirety. 

Although the foregoing invention has been described in 
Some detail by way of illustration and example for purposes 
of clarity of understanding, it will be apparent to those of 
skill in the art that certain changes and modifications may be 
practiced. Therefore, the descriptions and examples should 
not be construed as limiting the Scope of the invention, 
which is delineated by the appended claims. 
What is claimed is: 
1. A non-naturally-occurring nutritional composition for 

amelioration of disruption of energy metabolism in cells 
Secondary to StreSS in a Subject in need thereof, comprising 
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a flavonoid, or derivative thereof, and a Synergist, wherein 
the Synergist is Selected from the group consisting of amino 
acids, carbohydrates, carnitines, and nucleosides and deriva 
tives thereof, and wherein the flavonoid and the Synergist are 
present in amounts effective to ameliorate Said disruption of 
energy metabolism Secondary to Strees in Said cells. 

2. The composition according to claim 1, wherein the 
flavonoid is Selected from the group consisting of 
hesperetin, chrysin, dioSmin, hesperidin, luteolin, rutin and 
quercetin. 

3. The composition according to claim 2, wherein the 
flavonoid is hesperetin. 

4. The composition according to claim 1, wherein the 
flavonoid is in the form of a pharmaceutically acceptable 
Salt. 

5. The composition according to claim 1, wherein the 
Synergist is in the form of a pharmaceutically acceptable 
Salt. 

6. The composition according to claim 1, wherein the 
Synergist is a carbohydrate Selected from a group consisting 
of fructose-1,6-bisphosphate, galactose, ADP-ribose, 
hydroxybutyrate, pyruvate and ribulose. 

7. The composition according to claim 1, wherein the 
Synergist is an amino acid Selected from a group consisting 
of glycine, alanine, and N-acetyl-cysteine. 

8. The composition according to claim 1, wherein the 
Synergist is a carnitine Selected from the group consisting of 
carnitine tartrate, acetyl carnitine and carnitine free base. 

9. The composition according to claim 1, wherein the 
Synergist is a nucleoside Selected from the group consisting 
of adenosine and inosine. 

10. The composition according to claim 1, wherein the 
StreSS is induced by an environmental alteration, chemical 
insult or physiological condition. 

11. The composition of claim 10, where the environmen 
tal alteration is hypothermia, hyperthermia, hypoxia or ion 
izing radiation. 

12. The composition of claim 10, where the chemical 
insult is drug toxicity, chemotherapy, exposure to at least one 
toxin, or cell culture. 
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13. The composition of claim 10, where the physiological 

condition is physical exertion, aging, pre-Surgical prepara 
tion or post-Surgical conditions. 

14. A non-naturally-occurring nutritional composition for 
amelioration of disruption of energy metabolism in cells 
Secondary to StreSS in a Subject of need thereof, comprising 
a first flavonoid, or derivative thereof, and a Second fla 
vonoid Synergist, wherein the first flavonoid and the Second 
flavonoid are different, and wherein the first flavonoid and 
the Second flavonoid are present in amounts effective to 
ameliorate Said disruption of energy metabolism Secondary 
to StreSS in Said cells. 

15. The composition according to claim 14, wherein the 
first flavonoid is Selected from the group consisting of 
hesperetin, chrysin, dioSmin, hesperidin, luteolin, rutin and 
quercetin. 

16. The composition according to claim 14, wherein the 
first flavonoid is in hesperetin. 

17. The composition according to claim 14, wherein the 
first flavonoid is in the form of a pharmaceutically accept 
able salt. 

18. The composition according to claim 14, wherein the 
Second flavonoid Synergist is in the form of a pharmaceu 
tically acceptable Salt. 

19. The composition according to claim 14, wherein the 
StreSS is induced by an environmental alteration, chemical 
insult or physiological condition. 

20. The composition of claim 19, wherein the environ 
mental alteration is hypothermia, hyperthermia, hypoxia or 
ionizing radiation. 

21. The composition of claim 19, wherein the chemical 
insult is drug toxicity, chemotherapy, exposure to at least one 
toxin, or cell culture. 

22. The composition of claim 19, where the physiological 
condition is physical exertion, aging, pre-Surgical prepara 
tion or post-Surgical conditions. 


